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 Abstract 
The contemporary networks of towns and cities continue to emancipate themselves by embracing ever 
larger territories while shaping their interstices in heterogeneous mosaics of settlements and open 
spaces of variable intensity. The equilibrium of the urban system depends largely on the recognition of 
the importance of these unavoidable settings, in which the urban form is less sustainable and lacks 
structure. Although there is extensive literature and debate on this environment, there are fewer 
instruments of analysis addressed to reading and retrofitting it. 
 
This dissertation develops a series of GIS-based spatial analysis tools based on the topology of the road 
network, taking as the basic component the segment between intersections weighted by the portion of 
land it supports. In this way, the relationship between settlement/activity spreading and road network 
is modelled. These precepts underpin the proposed measures which have been named “upstream and 
downstream visualisation.” The former accounts for neighbourhood relationships, prioritising those 
places which have high concentrations of activity in their proximities, even if their spatial configuration 
is scattered. This reading is combined with the use of complementary centrality measures. The latter 
makes it possible to load the areas of activity onto the roads which support them. The Vallès Oriental 
district, included in the Barcelona Metropolitan Region, is taken as a case study. 
 
The results reveal the intensities of the groupings of settlements and their relative weight in the territory, 
and at the same time they define the regional vertebrating skeleton on which the gateways of access to 
the activity are manifested. They also reveal the relational structure of proximity of the city-territory. 
Moreover, their endogenic potentials are identified, converted into vocations at the moment of directing 
strategies of urban transformation. A selective activation of these aptitudes is suggested for approaching 
the retrofitting of the intermediate urban mosaic. 
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TAMING THE ROAD  
A GIS-based visualisation and spatial analysis methodology towards retrofitting the intermediate 
urban mosaic  
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1. Introduction 
1.1. Background research and approach 
The spatial and relational configuration of cities has been the object of many studies addressed to 
deciphering their internal laws. Among the principal goals is the availability of instruments and 
methodologies for retrofitting them within the concept of sustainable city.  
The concept of sustainable city is very broad and brings into play many other factors beyond the physical 
qualities of the built environment (see, e.g., Talen, 2011). This dissertation will focus solely on the 
contribution which the spatial and relational configuration of the physical elements can make to the 
equation. 
The areas or scales of analysis of the built environment once again deploy a wide range of approaches. 
In our case, the focus is placed on the intermediate territories which often form archipelagos of 
fragments of activity within the force field of the functional structures of a more regional nature. These 
are the interstices of the polynuclear territories in which star-shaped relationships have gradually given 
more importance to what has been called “reverse commuting” (Hart, 2001), with the corresponding 
dispersion of the labour market, housing, production and consumption structures and flows. These areas 
of the territory which constitute heterogeneous mosaics of settlements and open spaces are 
characterised by a generalised lack of structure and urbanity. In addition, they are often affected by the 
negative economic, social and environmental impacts attributed to them (see, e.g., Camaggi et al., 2002). 
The origin of the forces which generate them and the multiple meanings and functions which they 
develop have been extensively studied (see, e.g., Friedmann & Miller, 1965; Indovina, 1990). Their 
morphology and the mechanisms and patterns of incremental location of their fragments have been 
highlighted (see, e.g., Font, 2012; Mangin, 2004). The evidence of the need to undertake their 
retrofitting, to give them territorial sense within the set of urban systems, is quite clear. The formulations 
of the purposes of contemporary territorial planning carried out by the public administrations 
themselves (see, e.g., Generalitat de Catalunya, 2010), the drafting of principles of retrofitting by diverse 
institutions (American Planning Association, 2002), the specialised literature and scientific production, 
along with the presentation of proposals of actions in this matter by academics and professionals (see, 
e.g., Dunham-Jones & Williamson, 2008; Talen, 2012; Vall et al., 2011), demonstrate the importance of 
this task. 
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In spite of all this, the existence of tools for evaluating and establishing criteria of intervention is rather 
scarce (Mercadé et al., 2012). This dissertation seeks to investigate the possible development of new 
quantitative instruments of GIS-based spatial analysis from a relational perspective. It proposes an 
approach to the spatial configuration of the urban mosaic which situates the activity-carrying road 
network as the central axis for its inducting condition of the crystallisation processes of settlement 
structures. Settlements and road networks go hand-in-hand when their cause-effect triggering is 
established. For example, the Space Syntax theories have invoked these multiplying effects of 
settlements - alteration of mobility patterns - more settlements in their formulations (Hillier, 1999). 
Transport engineering has identified what is called the “land use transport feedback cycle” (Wegener & 
Fürst, 2007) in this respect. Independently of the eternal debate about the chicken and the egg, it can 
be agreed that a relationship exists between settlement spreading and road networks (Koenig & 
Bauriedel, 2009). 
This research work dedicates its efforts to drawing up a series of methods of spatial analysis of road 
networks which can contribute to the characterisation and retrofitting of the intermediate urban mosaic. 
It is a matter of structuring and intensifying the urbanity of those areas that are excessively affected by 
the fragmentation and specialisation of the fabrics and of giving meaning to proximity relationships in a 
satisfactory supralocal setting. The concept of “taming” the road network which is used in the title refers 
to the process and the result of the act. “Taming” entails prior knowledge of the behaviour of the 
individual and the difficulty of the action. Spatial analysis seeks to reveal the interiorities of the urban 
mosaic in order to perform there the pertinent transformation actions to form a built environment more 
adapted to the human scale, in which the road network places itself at the service of its retrofitting. 
1.2. Dissertation outline 
The following chapter reviews the literature on the object of study, which we will call the intermediate 
urban mosaic, on the basis of multiple readings addressed to understanding the forces which shape it, 
its morphology and composition and its spatial configuration. Chapter 3 presents the research 
statement, defining the problem and formally establishing the objectives. Chapter 4 is dedicated to 
presenting the spatial analysis methods and the data they will process in the context of the case study 
of the Vallès Oriental district located in the Barcelona Metropolitan Region. In this way, the centrality 
measures will be reviewed, presenting the manner of introducing and applying the new methods 
proposed, which we will call “upstream and downstream visualisation,” along with a series of 
complementary indicators. Chapter 5 applies the methodology of centrality measures to the case study, 
establishing a correlation of the results with the spread of the activity and the discussion of the meaning 
of the visualisations. Chapter 6 applies the upstream visualisation method to the case study and 
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discusses the results obtained, providing a true mapping of the activity groupings, expressing their 
intensities and critical mass of concentration. Chapter 7 applies the downstream visualisation method 
to the case study, providing a classification of the axes of territorial penetration. Chapter 8 applies all the 
proposed methods to the case study, providing a diagnosis and a series of strategies of urban 
transformation. Finally, Chapter 9 sets out the conclusions and proposes other directions for future 
research. 
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2. Towards an intermediate urban mosaic 
Inhabiting and performing everyday activities primarily in the urban environment is a recent 
phenomenon in the history of humanity. Although the emergence of cities is situated some 5,500 years 
ago in Mesopotamia and the valleys of the Nile, Indus and Hoang-ho, the proportion of inhabitants of 
urban areas remained in the range of 4-7% until around 1850 (Frey & Zimmer, 2009).  
Industrialisation brought about an irreversible transformation of those preindustrial urban functions. 
The city also became a centre of production and distribution of goods and a veritable concentrator of 
activity and population (Cheshire, 1995). The evolution of the spread of the urban services and the 
advances in locomotion favoured, among many other factors, the phenomena of decentralisation, which 
were accelerated with the arrival of the automobile (Dupuy, 1991; Herce  & Magrinyà, 2002).  
From then on, centralising and decentralising forces moulded the territories of the city (Batty et al., 
2003a; Batty et al, 2004), expanding the scope of urban structures. The unidirectional relationships of 
cities with their hinterland tended to develop in favour of the multiplication of flows (Hart, 2001), in a 
territory in which housing, production and consumption structures and the labour market itself would 
become dispersed. The new mosaic of multiple origins and destinations would progressively embrace 
medium-sized nuclei, transforming the territory into a “city of cities” (Nel·lo, 2001).  
The conformation of a discontinuous fabric of fills and voids in the form of an intermediate urban mosaic 
is an observable reality. The intermediate road network, comprising the segregated roadways and 
conventional roads, becomes its central skeleton, both for relationships of very variable scope and for 
access to the groupings of activities which it polarises and concentrates. New proximity relationships of 
a supramunicipal nature, often unplanned, will emerge in an incremental manner to crystallize into 
complex urban structures in the intermediate territories of the city. 
The possibility of deciphering the internal generating or regulating laws of this spread of binomials, of 
self-organisational appearance, “intermediate road network - configurations of mixed activities,” poses 
a challenge in the field of proximity territorial planning. The “fit” of this theoretical framework centres, 
then, on reviewing different approaches to a characterisation-interpretation of the intermediate urban 
mosaic, in search of instruments and criteria for the identification, characterisation and subsequent 
planning of these quasi-urban micro-centralities of proximity. 
Thus, the first step is to make a brief presentation of the object of study, in section 2.1 (“2.1. Towards 
the development of an Intermediate Urban Mosaic”), which is the intermediate urban mosaic and its 
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proximity relationships, stating its basic anatomy, identifying the forces that generate and tension it and 
presenting the evidence which indicates the need for its retrofitting.  
Subsequently, four approaches are proposed to the reading and interpretation of the intermediate 
urban mosaic, seeking to identify relevant instruments which will make it possible to reveal the spatial 
configuration of the artefact under study and establish the framework of the methodology proposed in 
this dissertation.  
In the first place, a geodemographic approach which within the Anglo-Saxon tradition identified a life 
cycle of the city, with clear repercussions on the spatial conformation of the urban environment of the 
fragments. An extended configuration which leads us to think, in the second place, of a perceptible 
landscape-city, capable of taking shape and at the same time providing social and ecological services. 
The third reading will demonstrate that this landscape-city is, in the terminology of De Solà-Morales 
(2008, 2009), full of “urban things,” the location of which responds to certain identifiable patterns from 
a morphologistic anatomical perspective. Finally, it will be shown that among and by means of those 
“urban things,” which are the spaces of activity and the infrastructural matter itself, interactions are 
established with identifiable relational patterns. The topology of networks and the centrality measures, 
from the point of view of the spatial configuration of the road network and its relationship with the 
settlements, will be taken as the reference for the development of the new instruments which will be 
proposed. 
Finally, the possibility will be presented of a “morphotopological” approach for the recognition and 
management of the intermediate urban mosaic. 
2.1. Towards the development of an Intermediate Urban Mosaic  
Industrialisation set in motion a complex shift towards an urban lifestyle which would lead to exponential 
growth of the urban population and of the city itself in the future (Antrop, 2004).  
Various technological, social, economic and cultural factors made possible and stimulated a progressively 
more scattered location of the activities in the territory of the city. The “forces of decentralisation” (Batty 
et al., 2003a) signified a genuine mutation of the DNA of the city artefact. In this way, this territorial 
matrix of the fragments, at least in the European context, progressively and discontinuously 
incorporated ingredients proper to the city, to undergo the diffusion processes defined by Indovina 
(1990).  
At the same time, metropolitan territorial functional areas became consolidated, with a true range of 
scales between the large force fields of polycentric structure described by Hall and Pain (2006) or those 
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of a more community-based nature (Frey & Zimmer, 2001), defined, in any case, by the presence of an 
inherent labour market and the associated workforce, and by the high frequencies of daily interaction 
(Pujades & Font, 1998).  
This gives rise to a city-region, a territory of the city in which the fills and voids take on the same 
organisational importance and the landscape is transformed at a rhythm similar to that of the 
modification of the subjective perception of its territory for an astonished citizen (Herce, 2001, p. 58); 
an infinite city – dispersed and dilated over the territory, less delimitable, heterogeneous and multiform 
– a city which some authors classified as a large, mixed colloidal city of lumps, or a variety of forms 
constructed on a territory fractured by infrastructures, spattered by buildings and scattered in its 
geographical continuities (Llop, 2008, p. 9). 
This is a city of fragments, under the force field of functional areas, which presents itself in its interstices 
as an intermediate urban mosaic, spread over its vertebrating relational road network which gives access 
to the containers of activity.  
2.1.1. The intermediate urban mosaic 
Centring attention on the European context and with a view to a satisfactory description of the 
discontinuous urban environment of intermediate landscapes, with a primarily rural past, there is special 
interest in Indovina’s (1990) concept of diffuse city, among the many descriptions and metaphors 
included in the specialised literature and scientific production. This city evolves as a consequence of a 
self-organising evolution of the territory in which the fragments, inappropriate occupations of the 
territory (countryside), have finally acquired an urban physiognomy despite the absence of the physical 
and morphological characteristics of the city. The diffuse city occurs when a determined and extensive 
portion of urbanised territory offers a great abundance and variety of functions, being characterised by 
a broad range of services despite being disseminated around the territory and when – this is the principal 
requirement – it is used by the population settling there as if it were a city (Indovina, 2007, p. 4). Thus, 
the city element must be present due to the presence of urban complexity, the identification of an urban 
use of this area by its citizens being indispensable. 
Indovina seems, then, to describe the limit of an evolutional phenomenon which, on the basis of the 
accumulation of a certain critical mass of fragments of activity, would progressively form a self-organised 
city of complexity and increasing relational flows. Following this argument – and this is a concept which 
will recur throughout this dissertation – the intermediate territories would often be in transitional stages 
of this process, presenting dissimilar degrees of urbanisation. 
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It is worth pointing out that Indovina’s model of diffuse city is gestated by the specific description of the 
territory between the cities of Venice, Padua and Treviso, and therefore in a setting free from a principal 
structuring city of a metropolitan functional unit (Muñoz, 2008). In another respect, it must be borne in 
mind that Indovina himself maintains that his model of diffuse city can occur in the area of influence of 
metropolitan functional units, or of any other nature, and even without the effect of any higher spatial 
relational structure (Indovina, 2009). Here, a metropolitan functional unit can be understood as the 
classic concept in which, for a principal urban nucleus and a series of urban nuclei which surround it, 
hierarchised or otherwise, there emerge strong interrelationships, with notable pendular mobility or 
commuting (Pujades and Font, 1998). This has introduced the possibility of functional areas of another 
nature in the sense of the concept of Functional Community Area proposed by Frey and Zimmer (2001). 
The conception here is of a dispersed labour market which, despite being of a suburban character, 
incorporates a certain level of services to its inhabitants and certain frequencies of daily interaction (Frey 
& Zimmer, 2001). 
Following the thread of this duality of functional structures and the crystallisation of discontinuous urban 
fabrics, Friedmann and Miller (1965) introduced the concept of “urban field” in the 1960s and in the 
context of the USA. This involves the premonitory recognition of the inevitable evolution of inter-
metropolitan spatial structures, and praise for its virtues: “The urban field may be viewed as an 
enlargement of the space for urban living that extends far beyond the boundaries of existing 
metropolitan areas – defined primarily in terms of commuting to a central city of metropolitan size – 
into the open landscape of periphery.” (Friedmann & Miller, 1965, p. 313). In this way, it will speak to us 
of the meaning of living on the inevitable new scale in which certain advantages concur: (1) the 
availability of space thanks to the technology which enables mobility to substitute location, (2) the 
possibility of choosing between a broader range of habitats for residents and non-residents, and (3) the 
enlargement of the spectrum of opportunities of participating actively in the community beyond the 
strictly local setting.  
Obviously multiple metaphors and other neologisms exist, such as“ville éclatée”, “ville émergente”, 
“ubiquitous city”, “edge cities” (Camagni et al., 2002), which define these urban phenomena. The fact of 
calling special attention to Indovina’s approach and the concept of urban field lies in the incorporation 
of the urban use which is made of the territory in the equation, above and beyond the confirmation of a 
physically scattered reality.  
In another respect, even though the term “sprawl” is often used to refer in general to the urban 
phenomena that concern us here, its use in the present work is expressly avoided due to its ambiguity. 
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As commented by Batty et al. (2003b), in the context of the SCATTER project1, “urban sprawl” refers to 
the uncoordinated growth of cities, typically in their surroundings and peripheries. Various patterns, 
which are substantially different, have been identified as “sprawl,” from growth contiguous to the most 
consolidated urban structures to linear patterns of development, by way of the so-called “leapfrog 
developments,” with non-built interstices contained within the built environment (Batty et al., 2003b; 
Galster et al, 2001). These are urban configurations of very variable form, with multiple low-density 
levels, which at the same time present very diverse patterns of location of uses.  
In summary, what it is wished to make clear is that the urban artefact which is the object of 
characterisation in the present dissertation is that which we will call, from here on, the “intermediate 
urban mosaic.” Here the models are taken solely in a partial manner in order to explain dispersed urban 
realities which have incorporated certain elements of the urbs into their composition, whether or not 
situated within the gravitational field of influence of spatial functional areas of greater territorial scope.  
  
(a)           (b) 
Figure 2.1. The concepts of “città diffusa” and the Urban Field: (a) “La diffusione a Vetemigo sui tracciati della centuriatio romana” 
(Source: Indovina, 1990), (b) The Urban Field (Source: Friedmann & Miller, 1965). 
                                                                
1  “SCATTER is a project conducted under the European Commission DG Research “Energy, Environment and Sustainable 
Development Programme” (Key Action 4 – City of Tomorrow and Cultural Heritage), which started on January 1st 2002 and will last 
until June 2004. […] SCATTER tackles the issue of urban sprawl, in particular in the context of cities implementing new suburban 
public transport services. Urban sprawl is widespread in Europe.” (Batty et al., 2003b) 
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2.1.2. The intermediate road network as a central element of the urban environment of fragments 
The intermediate urban mosaic spreads over a hierarchised set of mobility infrastructures, which 
become the support of the relationships at various territorial scales. The road network is the central 
element par excellence of the urban configuration of the multiplicity of origins and destinations, within 
the territory of the dispersion of proximity flows.  
The emergence of the hierarchisation of the road network is an observable phenomenon both in the 
unplanned built reality itself and in the evolution of the models of decentralised city of the automobile 
era. Thus, a review is made, in the first place, of the principal contributions, built or otherwise, which 
implement this hierarchised road network in their conception. In the second place, consideration is 
given, in a non-exhaustive manner, to the importance of an intelligent activation of the road network in 
the structuring of proximity territories, in which various episodes of addition of groupings of activity have 
already taken place. 
The emergence of road hierarchisation in the models of relationships between network and territory 
The crossing of certain thresholds, in this case of speed and motorisation, was decisive and had 
important consequences in the appearance of new organisational patterns of urban fabrics and the 
territory. Here it becomes necessary to take this double scale into consideration, because we will see 
that the growing hierarchisation of roadways becomes implicit in the spatial configuration of the 
proposed fabrics, or is openly contemplated as a model of spread of the city in the territory.  
From the point of view of urban fabrics, it was necessary to tackle the management of the different 
scales of utilisation of the city and at the same time to achieve a satisfactory compatibility of vehicle 
traffic with walking. Factors such as safety and economic and social costs, along with the degradation of 
the public space as a consequence of the growing intensity of traffic (Appleyard, 1980), already 
represented new needs to be considered in the first half of the 20th century. The origin of this concern 
lies in the phenomenon of the garden city and its derivates, although the adaptation of the city to the 
modes of mechanised locomotion and the study of the associated conflicts of mobility is already present 
in previous approaches, as in the conception of Ildefons Cerdà’s enlargement of the city of Barcelona or 
Arturo Soria’s Linear City. From the perspective of the territory, reference must again be made to the 
decentralising forces already mentioned: this point is developed in more detail in section 2.1.3 and 2.5.1 
of this dissertation. 
Following this, the principal models of city are named in which a gradual emergence is seen of the 
roadway hierarchy and of the road as a basic and structural element of intermediate territories. In any 
case, the intention is to focus on those solutions which incorporate into the equation the use of private 
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vehicles and which have a more extensive character, in the sense of potentially generating the 
intermediate urban mosaic, which is the object of this study. Consequently, this approach discards a 
whole series of solutions which incorporate the cross-section as an instrument of segregation of the 
flows in notably compact city configurations (see, e.g., Candilis, 1976; Ferriss, 1929; Henard, 1911; 
Hilberseimer, 1924), and also those approaches which, in very diverse contexts, centre their attention 
more on the configuration and spatial distribution of the road network spaces in favour of urban quality, 
walking and cycling, as a reaction to the excesses of the city of the private vehicle (see, e.g., Appleyard, 
1980; Gehl, 2010). 
In the first place, we cannot fail to refer to the proposals of Ildefons Cerdà. Although they did not yet 
incorporate the car into their conception, they offered the double reading of urban fabrics and of their 
“fit” in the territory of road hierarchisation. A substantial number of postulates which cannot be 
reproduced exhaustively here, which ranged from housing to the territory, shaped a new kinetic and 
topological view of the built environment. The concepts expressed in the Teoría General de la 
Urbanización (1867) and the Teoría de la Viabilidad Urbana (1861) clearly tackled the challenge of 
adapting the city and the territory to the new technologies of transport and communication. The 
telegraph and electricity had to unite with the railway to cover an area of influence that would 
correspond to the entire globe. In this respect, what was being proposed was a new conception of urban 
planning associated with the concept of connection to networks. In regard to spatial organisation, Cerdà 
(1867) defined the concept of “viality” as the vector which makes movement explicit at each moment, 
with the purpose of organising the flows of the new age. Cerdà (1867) assumed the hierarchical division 
of thoroughfares into transcendental, urban and private. The transcendental thoroughfares had to 
ensure connection with the great universal network. The urban ways united the neighbourhoods and 
the main centres of activity of the city. The private roadways were those originally laid out by private 
individuals to connect their properties with a public way. In this way, the urban ways connected the 
transcendental thoroughfares with the private ways of access to homes. The analytical view proposed 
here moved from the general to the particular, that is to say, from the transcendental thoroughfares to 
the city, arguing that the urbs received much more from humanity than vice versa (Cerdà, 1867). This 
reaffirms the importance of an approach to the organisation of the city and the territory centred on the 
hierarchised spread of the road network as a true instrument of planning. 
Later on, the materialisation by Unwin and Stein of the concept of garden city would represent the 
codification of the dual segregated scheme of culs-de-sac for wheeled access to housing units and 
footways for walking (Grammenos et al., 2008; Hall, 1990). In the case of Stein and Wright’s plan for 
Radburn (1928), the housing groups are situated at the ends of a spinal column of cul-de-sac streets, 
orienting towards it their rear façades and the garage. The main rooms are oriented towards the 
footways, which, in turn, are connected with the interior parks (Patricios, 2002). In these green 
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structures it is planned to insert schools and spaces for the community, which are accessible avoiding 
any interaction with the space dedicated to the car. In any case, with the contributions of Stein and 
Wright, and also in Clarence Perry’s Neighbourhood Unit (1929), roadway hierarchy is established as a 
mechanism of planning.  
If we consider applying the Radburn model extensively, as a mechanism of colonisation of the territory, 
there arises the need to introduce a higher-order road network for its organisation. In fact, this additional 
road network level was already contemplated in the subsequent solutions proposed by Le Corbusier, 
Wright, Dioxadis, the Milton Keynes plan and the approaches of Buchanan, Lucio Costa or Hilberseimer, 
among many other examples. The road thus became an essential element for planning the groupings of 
activity in the territory of the decentralised city.  
Wright’s proposals for Broadacre City2 (1932) not only assume the road as an integrating element of its 
layout but also convert speed and mobility into the new generating metric of the city (Shelton, 2011). In 
this landscape-city, the inhabitant is freed from the servitudes of the centralised city (Fishman, 1982). 
According to Peter Rowe, “Broadacre City was seemingly prophetic about modern metropolitan 
development, especially decentralised outward urban expansion” (Shelton quoting Rowe, 2011, p. 70). 
Le Corbusier’s Ville Radieuse (1935) incorporates an orthogonal grid of elevated roadways. The zero level 
is converted into a continuous garden for pedestrians (Le Corbusier, 1935; Fishman, 1982; Monteys, 
2011; Shelton, 2011). If in Broadacre City access to the terrain became an individual right, with Le 
Corbusier it is rather an enormous shared park in which the constructions emerge like free-standing 
sculptures. Later on, with Les Trois Établissements Humains, Le Corbusier (1945) would develop the so-
called “seven ways” (7V) rule. This is a hierarchisation of routes which, as expressed by Monteys (2011), 
“... appear to be based on a grid which, instead of being traced on an exact, precise and millimetrically-
distributed plan, even as a model, is traced freehand and all of its components are drawn like a sketch 
on a blackboard. Each one of the ways exaggerates one or more of its features, as in a caricature, and 
they emphasize their divergence, expressly eluding both straightness and parallelism.” (p. 134). It is 
interesting truly to observe the presence of the road in the routes, which are thus foreseen as the 
introduction of the V4 as a “main street,” which, as Monteys (2011) has pointed out, constitutes a 
recognition by Le Corbusier of the corridor street which years earlier he had derided. This organisational 
                                                                
2 Frank Lloyd Wright first proposed Broadacre City in a series of lectures in 1930, and expanded on the concept in three books: The 
Disappearing City (1932), When Democracy Builds (1945), and The Living City (1958). 
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model was applied in Chandigarh (1950), in a roadway layout which juxtaposes the different scales and 
speeds of the city, which Busquets (2013) has classified as a “city of different scales” (p. 76). 
In the case of Milton Keynes (1967-80), a grid of roads of 1 km, of a regional scale, is clearly introduced, 
adapted to the geomorphological conditions and becoming the organisational skeleton of a “cellular” 
system (Busquets, 2013, p. 76). 
Colin Buchanan, in Traffic in Towns (1963), contemplates fundamentally the establishment of the basic 
principle of division between the distributing traffic system, which prioritises the needs of mechanised 
mobility, and the system of environmental areas, which privilege the environmental conditions of urban 
fabrics. In fact, this concept was based on the solution proposed by Tripp (1942), then an assistant 
commissioner for traffic at Scotland Yard, who proposed the definition of urban precincts, surrounded 
by routes supporting through traffic, in which only local penetration traffic was permitted (Hall, 2004).  
Hilberseimer’s Decentralised City (1944) was already based on the need for a determined road network 
and concentrated its efforts on the definition of a cellular unit of a certain self-sufficiency, which would 
be dependent on the principal road network. Hilberseimer’s proposal was inspired by the second era of 
industrialisation, characterised by decentralisation and the diversification of agricultural and industrial 
production. It also signified an alternative to the garden city which had to permit unlimited growth. The 
housing unit is conceived as a social unit, a basic unit of industrial and agricultural production, in a 
balanced regional framework providing a diverse labour market. The clusters consist of a roadway spine 
similar to the Radburn layout, which provides access to the housing units and is surrounded by exterior 
spaces. These parks and natural zones are used for leisure, support agricultural production and at the 
same time permit the insertion of schools. In general, the administrative and commercial buildings are 
concentrated close to the road, protecting the housing units which are set further back, and the 
industrial zone is organised on the opposite side of the support highway (Hilberseimer, 1944). 
Hilberseimer (1944) designed a system which had to adapt to and be compatible with the pre-existing 
elements proper to each setting, as is expressed in The New City: Principle of Planning. 
In addition, mention must be made of the growing parallel spreading of a specialised road network which 
would tend towards segregation, multiplying the territories capable of supporting the aforesaid city 
models and their not strictly planned variants and increasing the capillary road of the existing road 
networks, which would become, as explained in the following section, the vertebrating element of the 
intermediate urban mosaic. Thus, for example, Italy would have some 500 km of motorways in 1935 
(Rodríguez, 2004), in 1933 Hitler announced the construction of 500 km of motorways in Germany in a 
period of five years, and in 1957 the US Congress passed a budget of $26M for the construction of 66,000 
km of highways within the framework of the 1956 US Highways Act (Solans, 2011). 
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In this way, it is observed how the road network becomes one more element of certain city generation 
models, exercising a structuring role in their conception. Nevertheless, the role which the road really 
plays, as we will see in the development of this present dissertation, extends beyond performing the 
functions of an access channel to urban cellular units, planned or otherwise. In certain conditions, the 
road itself becomes the support and the underlying reason for the location of the activity, turning into a 
key element for the planning and management of intermediate territories. 
Recognition of the structuring potential of the intermediate road network in proximity territories  
The intermediate urban mosaic spreads, then, over its vertebrating relational road network which gives 
access to the containers of activity, composed of routes of different capacities and characteristics. But 
independently of the territorial scope and capacity to which they are often assigned in the functional 
descriptions of the sectorial legislation, and of their administrative ownership, there are two basic types 
of roadway network for the purposes of the structure of the city of fragments: segregated and non-
segregated, the former being that which has lost the conditions of façade in the sense of having limited 
access to the confronting properties due to the presence of accesses and also of links at a different level. 
In the development of the theoretical framework, we will see that the non-segregated road network 
would become a central element in the territory, capable of polarising the location of groupings of 
fragments, which in a more incremental manner would shape transitions towards Indovina’s diffuse city. 
In the same way, we will observe how the junctions of the segregated road network would be parasitised 
by the addition of medium-sized and large operations of a more planned nature.  
The fragments of incremental crystallisation and some of the other pieces of a more additive nature 
would come under the influence of the non-segregated roads, which we will call an intermediate road 
network. This would therefore be the road network located between the segregated road network and 
the streets of the nuclei with functions purely of access to properties. The functions of this road network 
and its vertebrating role have been described very often. Below we cite, as examples, the contributions 
made by Izquierdo (2008) and Esteban (2012) in reference to the management of the road network of 
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the Barcelona Provincial Council 3  and the drafting of the Barcelona Metropolitan Territorial Plan 4 
(Generalitat de Catalunya, 2010), hereinafter “PTMB,” respectively. 
Izquierdo (2008), in the final conclusions of the “Local and Territorial Mobility Congress: Local Roads. 
Innovation in Management,” used the term “intermediate” referring to the network existing between 
the basic network and the urban network, affirming its multifunctional character (Izquierdo, 2008; 
Navas, 2012). This document gathers evidence and needs detected on the basis of the management of 
the roads of the Barcelona Provincial Council, in reference to their planning and management, the nature 
of the users, the environment and surroundings, the need for inter-administrative cooperation, 
innovation, and a decalogue on local roads which is transcribed below: 
- They must be passable but also inhabitable. 
- They must be designed for vehicles but also for persons. 
- They are routes which respond more to complexity than to specialisation. 
- They cross the territory but also access it. 
- They are superimposed on but also integrate into the environment. 
- They serve for travelling but also for walking. 
- They have segregated spaces but also spaces of coexistence. 
- They serve itineraries but also routes. 
- Their management must apply the sectorial legislation, but with flexibility and inter-
administrative cooperation. 
                                                                
3 The Barcelona Provincial Council (Diputació de Barcelona) is a local government institution which promotes progress and the 
welfare of the citizens of its territorial scope: the province of Barcelona, 311 networked municipalities, representing 24% of the 
total surface area of Catalonia and 74.4% of the total of the Catalan population (over 5.5 million persons). (Diputació de Barcelona, 
2015.) 
4  As stipulated in Article 1.1 of the Territorial Organisation Regulations and Landscape Directives of the PTMB, “The Partial 
Territorial Plan of the Barcelona Metropolitan Area, or the Barcelona Metropolitan Territorial Plan, […] organises the territory of 
the districts of the Alt Penedès, Baix Llobregat, Barcelonès, Garraf, Maresme, Vallès Occidental and Vallès Oriental, which comprise 
the functional planning scope delimited by the General Territorial Plan of Catalonia, passed by Act nº 1/1995 of 16 March, modified 
by Act nº 24/2001 of 31 December recognising the Alt Pirineu and Aran as a functional planning area.” (Generalitat de Catalunya, 
2010.) 
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- In their management it is fundamental to apply experience but also innovation (Izquierdo, 2008, 
p. 2) 
In the same way, Esteban (2012) justifies the adoption of the road network categories of the PTMB within 
the framework of the Territorial Planning Programme5, which states its structuring role. This study speaks 
of the adoption of “propositive categories” which “focus on an evaluation not so much functional as 
rather more structural from the point of view of the topology of the network and of the importance of 
the territorial junctions.” It goes on to emphasize the routes called “suburban, that is, suburban primary 
structurings and suburban secondary structurings, which combine with the recognition of their degree 
of structuring capacity the consideration of their vertebrating role of plurimunicipal urban systems, 
which entails a greater number of connections with the local network of these systems and also, 
occasionally, a treatment of their edges which facilitates their insertion into the urban environment.” In 
this respect, Article 4.11 of the regulations of the PTMB (Generalitat de Catalunya, 2010) lays down the 
following points: 
Article 4.11. Suburban, intermediate and capillary road network 
1. The roads indicated in paragraphs 3, 4 and 5 of Article 4.4 constitute a network with more complex 
mobility requirements than the network of high-speed and high-capacity roads. In this network the 
routes of buses, cyclists and pedestrians must be compatible with private vehicles. Appropriate design 
criteria must be integrated into the planning of these roads in order to respect and favour the use of 
these modes of sustainable transport. 
2. By means of special plans and specific projects, the existing capillary network can be completed with 
new territorially significant itineraries of tourist or leisure interest for walking, cycling, horse-riding and 
similar modes. 
3. The development of a network for bicycles, particularly in the flatter areas of the region, in accordance 
with strategic line 1 of the Strategic Bicycle Plan of Catalonia, is a goal which is coherent with the 
proposals of this Territorial Plan. To this end, the Plan recommends the drafting, in an articulated manner 
with the “Mobility Steering Plan of the Barcelona Metropolitan Region,” of special plans of itineraries 
                                                                
5 The Territorial Planning Programme (Programa de Planejament Territorial), as is stated by Esteban (2006) “was created by the 
Department of Territorial Policy and Public Works in early 2004 and has the mission of drafting and implementing the territorial 
plans of Catalonia.”  
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and cycle tracks to be created, preserved and improved in the metropolitan area, among others, in the 
central areas of the Urban Steering Plans determined in Title V of these regulations (p. 57). 
The development of the theoretical framework will affirm the role of this potentially vertebrating 
intermediate network of the fragments of activity and their proximity relationships in the territories of 
proximity and supramunicipal scope. 
2.1.3. The decentralising forces of dispersion and metropolisation 
The factors responsible for this tendency towards decentralisation, towards the diffusion of a city of 
fragments which progressively incorporates elements of the urbs in a discontinuous manner, and which 
at the same time falls under the influence of the fields of relationships of a metropolisation process, are 
multiple and complex. Although it is not the goal of this dissertation to present a detailed description 
and analysis of these forces, it is considered necessary to make a minimal mention of some tendencies 
which have been identified by research in order to accomplish a contextual “fit” of the intermediate 
urban mosaic. Many authors have made general studies of the forces which have shaped the new urban 
geographies (see, e.g., Hall, 1993; Soja, 2000), although what is of interest here, in greater measure, is 
everything which conditions the formation of the intermediate fabrics at a scale more closely adapted 
to proximity relationships. These factors – some of which will be revisited in a more detailed and applied 
manner in subsequent sections – are then grouped together for organisational reasons, although the 
intention is to make it clear that these are phenomena which feed each other with a multiplying effect. 
New forms of production and consumption generate new forms of occupation of space 
The evolution of the industrial production system is characterised by the separation of production 
processes in space and time. The productive network is distributed around the territory in a dispersed 
manner, adding to the traditional relationships of home-work mobility of Fordist organisation the work-
work relationships (Herce & Magrinyà, 2002). According to Auray et al. (1994), the networks of 
companies can be classified in a sense of evolution and coexistence as “Marshallian” districts, networks 
of complementariety and synergy. “Marshallian” districts make reference to the location in a 
municipality or region of a concentration of the specialised production of a certain product. In 
complementariety networks, the collaborating companies are dispersed and distanced in space, with the 
result that competition and efficiency prevails over any consideration of proximity. Finally there are the 
synergy networks at the global scale with the goal of a certain degree of cooperation and control of 
innovation. In parallel with the modes of organisation of the production system, we must mention the 
phenomenon of the growth of services to companies and quaternary activities linked to industrial 
production (Font, 2012). This would be attributed to the importance of financial capital, the technology-
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innovation binomial, the segmentation and internationalisation of markets, industrial automation with 
reduction of jobs, the specialisation and division of work in non-productive places and the partial 
externalisation of companies. The geography of services to companies and quaternary activity is diverse 
and contradictory. On one hand, it evolves in a disperse manner as a common complement to the 
business structure of the city of fragments, and on the other hand it goes hand-in-hand with the urban 
renovation of the periphery and the large city. This gives importance to the distinction between a 
strategic, directional tertiary which tends to locate itself in the large city, and a banal tertiary (Muñoz, 
2008) which tends to dispersion and will occupy us below. 
When discussing the theme of commerce and consumption, it is necessary at the outset to point out 
two parallel realities which the specialised literature has indicated in regard to demand and acts of 
consumption, respectively: the increasing variety and variability of demand and the segmentation and 
space-time specialisation of the different consumption actions. Although this is a question which will be 
revisited later to characterise the central character of the road network, we want to make an advanced 
mention here of two tendencies and a commentary on leisure and multipurpose trips. On one hand, a 
tendency is observed towards the reduction of generic commercial spaces in favour of specialisation 
spaces of dispersed location. On the other hand, there is a tendency towards a reticular organisation of 
complementariety, which groups together different commercial zones which multiply the potential of 
attraction. Finally, we should mention the tendency towards an alliance of these activities with others 
more closely related with services and leisure, as will be described later. 
Population, diversification of income 
The demographic dynamics in most European cities have experienced deconcentrations of the principal 
nuclei and of medium-sized cities, within the metropolitan functional structures, in favour of the 
intermediate territory and smaller nuclei. Later sections of this dissertation will examine the nuances of 
these tendencies, since they have often been inverted. 
The factors underlying this reality are again multiple and are difficult to generalise on a Europe-wide 
basis. However, and more in reference to the north-west Mediterranean arc, the transformations 
originate from the city and the countryside, finally fusing and blending into a single reality. From the 
countryside, in the sense that as agricultural activity loses value and perspectives of urbanisation exist, 
the conditions of expectant land are generated, while where agricultural activity operates there is more 
resistance. Low-density speculative real estate promotion (Muñoz, 2008) exerts this pressure with the 
promise of a better quality of life, but so does the initiative of country people, as expressed by Indovina 
(2007), when the younger members of the family find work in other sectors and build houses on the 
family’s lands. Of the city, in the sense of the implacable success of the urban lifestyle, which signifies 
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increased income and cost of living, and therefore a certain incompatibility for certain incomes. 
Nevertheless, at present, in some territories, the distribution of income from the centre to the periphery 
does not occur in Gaussian form but rather with momentary peaks corresponding to the zones of 
concentration of high incomes or specific security conditions, and descents in a city of pockets connected 
to the mobility networks. 
Picking up again the thread of the “urban field” of Friedmann and Miller (1965), it is worth examining 
once again the question of the use of the territory. In this respect, it is pertinent to speak of a new way 
of using the territory, discontinuous in space and time for citizens who Muñoz (2002) has named 
“territorians”: “those metropolitan inhabitants that engage daily in different activities in different parts 
of the territory. They are not only inhabitants or residents of a place, but are users of other places, and 
visitors, intensively and extensively, of other places, depending on the time of day or the day of the 
week” (p. 382). 
In this way, the relationships of a “non-metric neighbourhood” are established (Indovina, 2007), in which 
trips are made for reasons of convenience regardless of the distances to be covered. The consumers 
change their habits and adapt to a logic of connection in detriment to classic proximity, which very often 
is materialised in the indiscriminate use of private vehicles (Herce & Magrinyà, 2002). 
Flows, networks and infrastructures 
Castells (1996) speaks of networked societies which change the conception of space “from a space of 
places to a space of flows,” and Dupuy (1991) explores the pertinence of an urbanism of networks which 
will be formulated as an alternative to classic zoning. The new territorial scenario is characterised “by 
the shift from an areolar logic towards another characterised by a symbiosis between reticularity and 
aerolarity” (Magrinyà, 1999, p. 41). This territory appears as the articulation of three levels of networks: 
network of infrastructures as channels of mobility and information, the afore-mentioned networks of 
production, distribution and consumption, and individual networks as the sum of relationships of each 
citizen with the rest of the levels. 
The high speeds associated with the new flows permit “translocality,” understood as the possibility of 
establishing relationships at long distance, spending the same time as in others of proximity (Magrinyà, 
1999). As Choay (1994) has pointed out, transports become the motor of the spatial history of cities. The 
railway, the automobile, the tram, new networks to generate a new landscape from densification to 
expansion. In fact, transport and the spread of the services networks will permit this new appropriation 
of the territory by the city: "As railroad and steam power once tended to centralize and concentrate 
urban settlements, so now electricity and motor vehicles are tending to decentralize them. Even before 
the advent of electricity, the tide had begun to turn. The automobile accelerated this exodus, and 
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widened its scope (…) Electric power is the real force toward decentralization. Even the smallest 
settlements can be supplied with water, electricity, heat and light" (Hilberseimer, 1955, p. 114). In this 
way, the spatial dispersion of residential settlements, of the structures of production and consumption, 
of services, and therefore of the labour market, will define the territory on the basis of the dispersion of 
ever more individualised flows. The multiplication of origins and destinations in the territory of fragments 
and metropolitan functional units is made possible in having overcome the friction with the construction 
of networks of increasingly specialised mobility infrastructures. 
As will be detailed in section 2.5, which sets out an approach to the intermediate urban mosaic from a 
relational perspective, the evolution of urban services along with the advances in the modes of 
locomotion, especially with the hegemony of the use of the private vehicle, are factors of the greatest 
importance for understanding the contemporary urban environment (Dupuy, 1991; Herce & Magrinyà, 
2002). 
2.1.4. Evidence of the need for a (re)construction of the intermediate urban mosaic.  
As has been shown in the previous sections, the territories of supramunicipal scope and their structuring 
and vertebrating road structures constitute one of the major challenges of the management of the 
contemporary territorial mosaic. This is an intermediate urban mosaic which has already come into 
being, without us having been able to decide its nature. Especially evocative is the warning expressed by 
Friedmann and Miller (1965) concerning the then imminent formation of the urban field: “The 
expansionary forces that suggest the possibility of urban fields are irreversible; what we make of them 
is our choice. They could well terminate in the desecration of the urban landscape, in a grey 
formlessness, the spoliation of resources. In place of designing an environment for exuberant living, we 
could acquiesce in the gradual attrition of life by neglecting to take the appropriate measures now.” (p. 
319). 
As Camaggi et al. (2002) pointed out, the need to shape these forces has been questioned from an 
“optimistic neo-free market” perspective, in which it is argued “that it is impossible (due to the growing 
complexity of the spatial interactions permitted by car mobility), pointless (as new technologies will allow 
increasing freedom of location), but above all socially undesirable, since the ‘ille à la carte’ or the ‘ille aux 
choix’ will offer an increasing freedom for people to design their own ‘life-spaces’ and interpersonal 
relations, a process in which it is not acceptable to interfere” (p. 201). On the other hand, continuing 
with the arguments of Camaggi et al. (2002), from a “pessimistic neo-reformist” (p. 201) perspective, the 
economic, social and environmental impacts of an excessively disperse spatial configuration would be 
revealed. 
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In any case, following the premonition expressed by Friedmann and Miller (1965), there have been many 
initiatives addressed to a retrofitting of the intermediate urban mosaic. There is no intention whatsoever 
of drawing up here an exhaustive taxonomy of mechanisms and examples of intervention addressed to 
the planning and retrofitting of these urban realities, as it constitutes an excessively wide scope which 
clearly exceeds the scope of this dissertation. However, it is considered necessary to sketch out certain 
propositive readings which contribute to presenting the object of this study and at the same time serve 
as a referent for the recommendations for intervention which will be proposed in the “Conclusions” 
section. 
This evidence of the need to tackle the retrofitting of the intermediate urban mosaic is detectable in: (1) 
The approaches to contemporary territorial planning applied by the public administrations themselves, 
(2) the drafting of planning principles by various institutions, the specialised literature and scientific 
production, along with the execution and/or planning of actions in this matter, and (3) the proliferation 
of manuals of traffic calming, which indirectly indicate the need for this retrofitting.  
With regard to territorial planning, attention will be centred on the afore-mentioned PTMB, as it is 
especially illustrative of this concern, and in order to encompass the scope of the case study carried out 
in this dissertation. In this planning, a large part of the territory is attributed a character of plurimunicipal 
continuous city which integrates historical nuclei, urban areas, specialised areas of various types and also 
large infrastructures, all forming a continuum (Esteban, 2012). Accordingly, the following specific 
strategies are proposed for these territories: (1) urban centres and new centralities, (2) areas of 
extension and areas of urban transformation of metropolitan interest, (3) specialised industrial areas to 
be transformed and specialised industrial areas to be consolidated and equipped, (4) specialised 
residential areas to be restructured (Esteban, 2012, p. 27). Esteban (2012) points to the importance of 
retrofitting these territories in affirming that insufficiently-structured urban continuities have a notable 
potential of urban extension due to their accessibility and location within the metropolitan setting. 
With regard to the exposition of planning guidelines, it is especially appropriate to present the concept 
of “smart growth” developed by the American Planning Association (2002) as a set of principles of urban 
and territorial planning to achieve socially, economically and environmentally sustainable communities. 
The elements which are identified as essential in this policy are: economic development, energy, hazard 
mitigation, historic and cultural preservation, housing, infrastructure, land use, natural resources and 
ecological systems, public educational and other community facilities, public services, public health, 
resiliency and transportation. This is a general approach in which support would be given to the 
developments of mixed uses for citizens of diverse income levels who can choose where to live and work 
on the basis of the attractiveness and cost of the locations available. The aim is to promote 
“redevelopment patterns that optimize prior infrastructure investments, and consume less land that is 
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otherwise available for agriculture, open spaces, natural systems and rural lifestyles” (Amercian Planning 
Association, 2002, p. 1). The initial declarations of this document make it very clear that it is not a 
question of choosing between an urban model of medium or high density and a suburban model of low 
density. In this respect, the example is given of the developments of detached houses in smaller plots, 
which can be perfectly located at a reasonable walking distance from schools and various services. In 
relation with the intermediate urban mosaic, despite the differences between the American and 
European contexts, certain principles and objectives included in this document are clearly extrapolable. 
From the point of view of economic activity, the importance is recognised of the economic potential of 
retrofitting the suburbial corridors, comparable to the various areas to be restructured which have been 
identified from a more European perspective and which at the same time can consolidate and/or 
construct their identity. In another respect, from the perspective of transport, beyond the generic lines 
of promoting the use of public transport, walking and cycling, explicit mention is made of the 
transformation of the design of the road network to integrate non-motorised flows. 
This packet of concepts is clearly linked to the content of works such as Suburban Nation: The Rise of 
Sprawl and the Decline of the Urban Dream (Duany et al., 2001), The Regional City: Planning for the End 
of Sprawl by Calthorpe and Fulton (2001) and The New Urbanism: Toward an Architecture of Community 
by Katz (1994). The so-called “New Urbanism,” which originated around the conceptions of Duany and 
Plater-Zyberk (Talen, 2003), advocates the application of the classic planning principles in the suburbs. 
In general, this is a valid approach for suburbial landscapes at a regional scale. Thus, the book The 
Regional City: Planning for the End of Sprawl includes a chapter entitled “Chapter 9. The Suburb’s 
Maturation” which advocated the retrofitting of the existing suburbs and their restructuring into areas 
more endowed with urbanity. In relation to these concepts, special attention must be drawn to the works 
of Dunham-Jones and Williamson (2008), Tachieva (2010) or Talen (2012), Vall et al. (2011) or Muxí 
(2013). In the case of Dunham-Jones and Williamson (2008), this is the concept of “retrofitting suburbia” 
understood as a set of actions addressed to retrofitting and restructuring the mosaic towards an 
“incremental metropolitanism” in a kind of “networked urbanity” capable of combining housing with the 
labour market, consumption and leisure within the metropolitan regions. In their work Retrofitting 
Suburbia: Urban Design Solutions for Redesigning Suburbs, Dunham-Jones and Williamson (2008) 
consider various examples of how to implement these transformations (see Figure 2.2). Karimi (2013), 
in his review of the work of Dunham-Jones et al., has manifested the lack, in this case, of a 
methodological approach, although he has praised the force and power of conviction of the examples 
he includes. A good example of this view in the European context can be found in the work of Vall et al. 
(2011) in the Vallès Oriental, which is of special interest in being situated within the geographical scope 
of the case study executed by this dissertation. Vall et al. (2011) express the importance of pre-urban 
patterns which have the capacity to: “(i) add patterns of non-mechanical origin and human scale to 
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standardised and large-scale residential areas; (ii) provide consistent and large structuring networks that 
can increase pedestrian accessibility; (iii) provide specific physical features that allow for the 
preservation of local identity; (iv) leverage social capital invested by previous generations; and (v) 
provide flexible spaces for infill opportunities between static residential tissues“ (pp. 184-185). 
According to Vall et al. (2011), the systematic use of this methodology has to permit the construction of 
civic networks capable of organising the retrofitting of suburbia, guaranteeing its reconnection with the 
original identity structures. Figure 2.3 shows partially the methodology used for activating pre-urban 
patterns. 
 
Figure 2.2. Sequence of morphological diagrams illustrating a regional shopping mall in Lakewood, Colorado, retrofitted into 
Belmar, a new mixed-use, interconnected neighbourhood (Source: Dunham-Jones and Williamson, 2008). 
 
                                            
(a)                            (b) 
Figure 2.3. Retrofitting suburbia through pre-urban patterns: (a) rural grids, civic networks and watercourses. Comparison between 
the suburbs of Lliçà d’Amunt, Barcelona Metropolitan Region, Catalonia, Spain; Sudbury, Metro Boston, MA, USA; and South West 
Mountain Village, Metro Phoenix, AZ, USA; (b) underlying rural structure and current planning rules. Subdivisions of Lliçà d’Amunt, 
Barcelona Metropolitan Region, Catalonia, Spain (Source: Vall et al., 2011). 
Taming the Road | Josep Mercadé Aloy | 40 
 
Finally, we want to reflect the growing concern for implanting traffic calming measures. The number of 
persons knocked down by motor vehicles is, beyond any doubt, an indicator of the phenomenon of 
juxtaposition between the logic of proximity, which often involves cycling and walking, and the 
mechanised flows of greater territorial reach. Three basic lines of attack have been identified for 
preventing this type of accidents: (1) modification of the built environment, (2) advances in the traffic 
legislation, (3) design of vehicles oriented to a lesser impact in case of collision, (4) education of users 
(Retting et al., 2003). Attention will be centred here solely on the first case, since the intention is to 
highlight the range of interventions which can generally contribute to a greater urbanity of the 
metropolitan fabric. Consideration must be given again to the one-off actions which the city models, 
already reviewed in the previous section, have proposed for the compatibility of the increasing 
specialisation of roadways and the safety and environmental quality of urban cellular units. Referents 
such as the Dutch woonerfs (Appleyard, 1980) constitute in themselves a true catalogue of solutions. 
This type of measures can be grouped into three categories: separation in space or time of pedestrians 
and motor vehicles, measures for increasing the visibility of pedestrians, and reduction of vehicle speeds. 
For a general review of these measures, we can take as a reference the article “A Review of Evidence-
Based Traffic Engineering Measures Designed to Reduce Pedestrian–Motor Vehicle Crashes” (Retting et 
al., 2003), which takes as its search engine the database of the National Academy of Sciences’ 
Transportation Research Information Services (TRIS), which is the most extensive bibliographic resource 
in the field of transport-related information. The effects of these measures have been evaluated on the 
basis of this exhaustive review in terms of the reduction of accidents attributable to them in each case. 
This demonstrates the appropriateness of a concern for establishing methodologies which will operate 
in the intermediate territories of proximity. The doors are thus opened to the four readings indicated for 
this intermediate urban mosaic, which, from a perspective of its spatial configuration, will make it 
possible to develop spatial analysis methods addressed to establishing criteria for its retrofitting. 
2.2. The emergence of the Intermediate Urban Mosaic within the framework of the “urban life cycle”: from 
concentration to decentralisation 
The evolution of urban systems in advanced economies, on the basis of the studies of population 
censuses and their observable relationship with the dynamics of location of settlements and activities in 
the territory, has been the object of recurrent study, particularly by Anglo-Saxon regional geographers. 
Thus, since the 1950s, different periods have been identified, even venturing to postulate the possibility 
of a cyclic pattern of repetition. The processes which comprise this approach are: (1) urbanisation, (2) 
suburbanisation, (3) counterurbanisation, (4) reurbanisation (Antrop, 2004; Champion, 2001; Cheshire, 
1995). Although the intention here is solely to place emphasis on the concepts associated with these 
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phenomena, it is unavoidable to situate them in time. Thus, it will be necessary to take the temporary 
“fits” in an indicative manner, since the subsequent processes do not occur in a synchronised manner 
everywhere.  
2.2.1. Characterisation of the urban life cycle  
Urbanisation 
According to Tisdale (1942), “urbanization is a process of population concentration. It proceeds in two 
ways: the multiplication of points of concentration and the increase in size of individual concentrations” 
(as cited in Champion, 2001, p. 144). In fact, three processes which took place simultaneously around 
the 1950s have been identified. The first was the concentration of the national population into urban 
agglomerations; the second was the growing magnetism of larger cities in terms of population; and the 
third was the tendency to concentration of the population of urban regions into their centres to the 
detriment of their peripheral rings (Champion, 2001). In some countries there appears a single city which 
clearly leads this phenomenon. Vienna, Paris and London exemplify this tendency to the point that, in 
the last case, the city comes to concentrate six times more population than the country’s second most 
populous city (Champion, 2001). In the Barcelona Metropolitan Region, growths are detected of the 
various nuclei with a spatial continuity nature until the beginning of the 1970s. These were extensions 
which would integrate in conurbation form the nearby settlements, regardless of their original 
morphological and functional attributes (Font, 1997). This process of concentration, which had been 
unstoppable since the industrial revolution, would undergo significant decreases between the years 
1965 and 1990 (The World Bank, 1992), a period in which cities of more than one million inhabitants in 
economically advanced countries experienced generalised deconcentrations.  
Suburbanisation 
The process known as “suburbanisation” occurs, in the first instance, as a concentration of the 
population in the peripheries of the large centres, which in turn undergo decreases in their own 
censuses. Thus, the construction of residences for successful entrepreneurs on the outskirts of industrial 
and commercial centres towards the end of the 19th century forms part of this process. The subsequent 
changes in transport systems, purchasing power and family aspirations to quality of life –plus the 
negative aspects of the urbs, such as poverty and the high cost of living – made suburbanisation the 
principal motor of transformation of the territory in the 1960s. The scope of this mechanism of 
occupation of the territory would play an important role in Anglo-American world and also in Western 
Europe, although with significant differences. The reality is that despite the growing appropriation of this 
way of life by the upper middle class, it would remain linked to a certain higher cost of urban services 
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and amenities. Thus, this stage would still remain far removed from Howard’s model of garden city, in 
which the citizens would have access to a wide range of services.  
Until the 1950s, and later in certain regions, this suburbanisation had the character of a decentralisation 
of the city, passing from the mechanism of extension-conurbation to a penetration and fragmentary 
occupation of the hinterland of pendular mobility. Hall (1971) would come to identify in England and 
Wales 100 Standard Metropolitan Labour Areas with their core and ring, manifesting this urban reality. 
In the European context, the metropolitan areas would also be studied with these precepts, and Berg’s 
(1982) denomination of “functional urban region” would be extended. In the European context, it is 
worth pointing out important time differences regarding the beginning of significant growth of the 
peripheries. Thus, in the case of the United Kingdom, the phenomenon started in the 1950s, while in the 
west and south of Europe (mainly Belgium, France, Italy, the Netherlands and Spain) the growths would 
not become notable until the 1970s. 
 
 
Figure 2.4. “Percentage of 241 functional urbanisation regions of more than 330,000 inhabitants in Europe according to their 
urbanisation phase by decades: (a) Northern Europe (UK Ireland, Denmark, West Germany, Belgium, The Netherlands), (c) Southern 
Europe. Circle indicates crossover period between the urbanisation and suburbanisation phase.” (Source: Antrop, 2004). 
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Counterurbanisation 
“Counterurbanisation” makes reference to that stage in which the net migratory rate of a place is 
inversely proportional to its dimension and status (Fielding, 1982). In a reversion of polarisation, cities of 
intermediate dimensions experience increases in their growth rate, passing this role on to smaller cities 
through the counterurbanisation process. Research has identified evidence of this phenomenon in the 
USA and also in Western Europe (Champion, 2001). It is also worth noting that many of the territories 
which experienced counterurbanisation have seen a substantial decrease in this tendency, or have even 
seen it disappear in favour of larger agglomerations of population. 
Reurbanisation 
Finally, the concept of “reurbanisation” seeks to define a recent stage in which large cities once again 
experience traditional growth patterns. In this context, some authors have demonstrated the possibility 
of the large city gaining the land lost in terms of concentration of population to restart the urban life 
cycle. The intention is to situate reurbanisation as a first phase of a second urban life cycle. Figure 2.4 
(Antrop, 2004, p. 15) shows the evolution for the 1950-1990 period of these four concepts for the north 
and south of Europe separately. 
2.2.2. The appearance of the Intermediate Territorial Mosaic in the stages of suburbanisation and 
counterurbanisation 
The formation of the intermediate urban mosaic is the progressive crystallisation of this process of 
suburbanisation, decentralisation and counterurbanisation. The city of the one-directional relationship 
with its hinterland experienced a growing dispersion of relationships, which would come to include the 
medium-sized nuclei in the first instance and the smaller ones later. This signified the conformation of 
functional territorial areas which would define their extension and proceed to rebalance the relative 
weights of their nuclei in terms of population flows.  
The concept of urban life cycle contributes notably to defining the force field in which the phenomena 
of dispersion described in the previous section take place. However, this approach is based of necessity 
on units of political division which have population censuses. This limitation prevents the development 
of instruments of spatial and relational analysis at the scale of each of the fragments of activity which 
make up the intermediate urban mosaic. Nonetheless, this approach will be adopted in view of the 
polynuclear nature of the counterurbanisation territories. 
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2.3. Reading the intermediate urban mosaic from a transversal approach to open spaces: from 
decentralisation to the city-landscape 
The intermediate urban mosaic of decentralisation, which is materialised as an explosion creating a 
heterogeneous patchwork, is somewhat closer to a landscape than a city in its recognizable form. In the 
words of Sauer (1925) “Landscape is the English equivalent of the term German geographers are using 
largely and strictly has the same meaning, a land shape, in which the process or shaping is by no means 
thought of as simply physical. It may be defined, therefore, as an area made up of a distinct association 
of forms, both physical and cultural” (p. 300). It is a changing reality in time and space. “It is in a 
continuous process of development or dissolution and replacement” (Sauer, 1925, p. 307). 
As a city-landscape, it becomes something to be perceived visually, in an intermittent succession of fills 
and voids, in which the road is the central element and a privileged mobile point of view. In a 
complementary manner, there arises the question of whether this artefact is apprehensible in the sense 
of having a morphology, a spatial structure. 
In any case, it is mainly open space, and therefore in principle a provider of social services for people’s 
physical and mental welfare. And above all, it is the mosaic which provides ecological services, which has 
to maintain its connectivity as a minimal condition for its stability. Finally we will see how it becomes the 
battlefield of competential frictions for its interpretation and planning. 
2.3.1. Perception as a means of recognition of open spaces 
The intermediate urban mosaic is an extended, discontinuous city, recognisable for an observer in 
movement as a heterogeneous sequence of events. It is a vertiginous terrain of images with changing 
rhythms between voids and buildings which are indifferent between them (De Solà-Morales, 1997, p. 
23). Painting, photography and especially the cinema have dedicated special attention to it. Muñoz 
(2012) speaks of a sublime condition which has moved from the wilderness to the heavily anthropised 
periphery, and of a hypervisibility of this reality as an aesthetic object for visual consumption. The road 
becomes the privileged central space as a mobile viewpoint for perceiving this reality.  
Empty spaces have a very diverse nature here: productive natural spaces and non-productive natural 
spaces. The built landscapes of agriculture, on one hand, and the third landscape described by Gilles 
Clément (2004), on the other, as a metaphor of the third state, which is the sum of the spaces abandoned 
by humans which transform according to the laws of nature. He refers here to the forgotten spaces of 
transition: wastelands, swamps, peat bogs, marshes, roads, riverbanks, railway embankments, etc., 
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some of them with the quality of “terrain vague” in which the memory of the past predominates over 
that of the present, as places of disaffection towards the activity of the city (De Solà-Morales, 1995). 
Filled spaces appear as intermittent groupings of activities of that diffuse city, which often constitute 
non-places (Augé, 1993) in which “a foreigner lost in a country he does not know (a 'passing stranger') 
can feel at horne there only in the anonymity of motorways, service stations, big stores or hotel chains” 
(p. 106). Combinations of uses and activities that strike us as implausible, although very familiar, mark 
the perceived rhythms of this landscape in which we are often steered by commercial iconography. 
These fragments of city take on very diverse characters. Concepts such as the lengthened use –“uso 
allargato”– of the territory postulated by Secchi (1996), the “strada mercato” referred to by Ambrosini 
(2002), or imaginary concepts such as those included in A Rua da Estrada by Domingues (2009), make 
reference to the “market road,” the “road-city” and the “productive road” which the intermediate road 
network has become. These concepts are studied again in greater detail in section 2.4, which presents 
precisely the patterns of location of activity in relation with the road network. 
                                              
(a)                                                                                                          (b) 
Figure 2.5. Images from “The View from the Road”: (a) “Space Motion Diagram for Northeast Expressway” and (b) “Space Motion 
and View Diagram” (Source: Appleyard et al., 1964).  
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As early as the 1960s, Lynch (1960) took an interest in the way in which observers perceive the city and 
orient themselves by means of mental maps. He defined the principal elements which make up the image 
of the city – paths, edges, districts, nodes and landmarks – which he codified by means of a graphic 
representation of the built environment, obtaining the data from interviews and fieldwork. The work The 
View from the Road (Appleyard et al., 1964) spoke of the landscape of the road from the sequential and 
dynamic viewpoint of a vehicle in movement, although this was already in its day the generating principle 
of the American parkways (see Figure 2.5). Stretched graphic representations were created, explaining 
the rhythms, presenting to us the elements of orientation which compose the mental map. In this 
respect, mention can also be made of the works of Houben and Calabrese (2003) in reference to the 
various systems of representation of these successions which have been tested since then. 
2.3.2. The morphology of the interstices 
As has been said earlier, the urban environment of fragments, Indovina’s city in intermediate stages of 
evolution, has shaped a discontinuous mosaic of urban “things,” accumulated in an incremental process 
which is apparently self-organisational. The question here concerns the morphology of the interstitial 
spaces in relation with everything material-inventariable and their structural relationships. This brings to 
mind works like “the formal components of the rural territory” by Eizaguirre (1990). It could be argued 
here that everything that is said in section 2.4, “The characterisation of the intermediate urban mosaic 
through location patterns of activities from a morphological perspective: a landscape-city of urban 
things,” explains a morphology of open spaces. However, it is considered necessary to draw attention to 
a certain reading of the structure of open spaces from this perspective. Below we present a 
morphological approach which situates the void as a positive point of the discourse, following the thread 
of the concept of “interesting distance” expounded by De Solà-Morales (1997). Thus, in an interpretation 
of the Camp de Tarragona, he says: It is an archipelago of urban things, of islets and marshes which are 
related between themselves by known distances and as landmarks which are reflected on the mirror of 
dry land. They are autonomous pieces, roadways, estates, neighbourhoods, industries, large towns, 
tourist parks, ports, beaches, paths, boroughs, crossroads, monuments ... various urban things. Its happy 
future revolves around recognising and inventing its own metropolitan figure (De Solà-Morales, 2009, p. 
3) 
Years earlier, De Sola-Morales (1997) himself  spoke of the concept of “interesting distance” (p. 26) as a 
kind of law which constructs the periphery, which becomes an entire fabric of relative distances which 
progressively locates uses and buildings, on the basis of the relationships of each active unit with regard 
to the whole metropolitan system. These distances respond to a wide range of criteria such as location 
of activities, accessibility, visibility and publicity, pre-eminent views, distance from the nearest property, 
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from the city, from the airport, from the metro, from the road, etc. In this way, he speaks of the possibility 
of a comprehension of the voids as interesting distances, critically chosen for their figurative capacity 
and for their ecological and scenic rationality (Sola-Morales, 1997, p. 27), addressed to using distances 
as a planning instrument. 
Returning to these reflexions on the Camp de Tarragona, what is especially interesting is the treatment 
of the urban environment as a fabric in which construction and infrastructures jointly become the 
negative of the open spaces (De Sola-Morales, 2009). The description of the cases of the Barcelona 
Metropolitan Area, of the Camp de Tarragona and of the Empordà, in Catalonia, with this representation 
system reveal the shape acquired by the void, permitting a morphological reading of the landscape, as 
can be seen in Figure 2.6 (De Solà-Morales, 2009, p. 3). 
Figure 2.6. Fabrics of the Barcelona Metropolitan Area, the Camp de Tarragona and the Empordà (Source: De Solà-Morales, 2009). 
In this same line, we can highlight the cartographic creations of De Torres (2003) for the study on the 
transformation of the roads of Girona (see Figure 2.7), and for the study of free spaces in the context of 
the prior studies to the drafting of the aforesaid PTMB: Attention was directed to the particular 
characteristics of built spaces, urban fabrics, communication lines, dispersed construction, etc., and to 
the form of free terrains, relief, rivers and torrents, vegetation, etc., superimposing the urban 
transformations with the forms of the landscape (De Torres, 2003, p. 48). These studies insist on the fact 
that this is not merely a synthesis of the topographic information and the watercourses: it is an 
interpretation of the mapping in which attention is focussed on the system of open spaces and the 
landscape. Although De Torres (2003) expounds the possibility of treating the elements of the landscape 
as generating shapes, primary elements and permanences, following the postulates of Rossi (1967), he 
also recognises the need to incorporate those strictly ecological aspects of open spaces.  
Taming the Road | Josep Mercadé Aloy | 48 
 
Figure 2.7. “Superimposition of infrastructures and systems of population in the Vall d’Aro” (Source: De Torres, 2003). 
This verifies the tension existing between the natural systems and the settlements and infrastructures. 
It also displays the need to make an additional reading of open spaces as providers of social and 
ecological services, above and beyond their form and superimposition with the “urban things.”  
2.3.3. The need for an interaction with the “green space” provider of social services 
The need for a certain appropriation of and access to nature by people and by the city has been a 
constant factor in the evolution of the modes of inhabiting and performing activities in the territory. The 
most recent concepts of “social services” associated with people’s mental and physical welfare (Salvador, 
2003) point in this direction, but the way in which this relation has occurred has varied considerably.  
In the classic Mediterranean house – Roman, Carthaginian or Egyptian – space was always reserved for 
vegetation, the rain and the wind. The European medieval house dedicated the rear part to a vegetable 
patch or closed garden. With the Renaissance, the city began to colonise the countryside with the 
“villae,” of Roman origin, and with the concept of “ideal city” in an appropriation of the landscape of hills 
and valleys. The transition from the 18th to the 19th century saw a substantial change which would 
represent a “socialisation of landscapes” – until then, gardens and parks had been for the exclusive use 
of nobility and royalty. Most of the parks of the 19th century had been private properties (Ribas, 2002). 
With industrialisation, the need for compatibility between green and city was accentuated, and as Ribas 
(2002) has said, there appeared “Utopians, firstly in favour of taking the city to the country (Fourier, 
Owen, Saint-Simon, Cabet), and then of bringing the country to the city (Cerdà, Soria and Mata, 
Taming the Road | Josep Mercadé Aloy | 49 
 
Howard)". Thus, during the second half of the 19th century and the early years of the 20th, basic 
standards would be proposed regarding the presence of green spaces in cities. The tendency to the 
agglomeration of the population in large cities was already perceptible in the second half of the 19th 
century, with Boston, Chicago and New York as clear examples. Olmstead (1870) wrote about the 
sensation of relief a person feels on entering a park to escape the hustle of urban activity. The scale of 
interventions in open spaces would begin to increase in scope and would undergo a transition from 
gardening to landscaping as a project for the urban setting: “We want a ground to which people may 
easily go after their day’s work is done, and where they may stroll for an hour, seeing, hearing, and 
feeling nothing of the bustle and jar of the streets, where they shall, in effect, find the city put far away 
from them” (p. 184). 
Ildefons Cerdà would propound “ruralising the urban and urbanising the rural” and would conceive, with 
his 1859 project for the Eixample (“enlargement”) of Barcelona the implementation of a system of open 
spaces at the different scales of the city (Magrinyà, 2008; Tarragó et al., 1994). 
During the early years of the 20th century there was widespread debate over the need for green spaces 
in cities. At the International Congress on Hygiene and Urbanism Problems held in Paris in 1900, and at 
its 1907 edition in London, a recommended proportion of 15% of occupancy was established for parks 
and gardens in large agglomerations, which complementarily would have to have extensions of forestry 
reserves of at least 10 km2 (Salvador, 2003). 
The expansion of cities revealed the need for an approach of a regional nature. The regional city was 
born in the USA from ideas emerging from French physical geography (Hall, 1990). As Hall (1990) said, 
territorial planning began with Geddes, although it is thanks to his relationship with Mumford that his 
ideas reached a group of urban planners in New York, who fused them with Howard’s ideas to spread 
them around the USA and the rest of the world. For Geddes, city planning was not a question of the 
relationship between streets and public spaces, but of the city and its regional surroundings. Geddes 
(1915) wrote about the need to bring the country to the city, ensuring that the country would overcome 
the street and not vice versa. The Abercrombie Plan (1943) for Greater London clearly includes the model 
of regional city and conceives a central London surrounded by a large green belt and a suburban ring of 
satellite settlements. In Barcelona, under Nicolau Maria Rubió i Tudurí, work was done on an approach 
to open spaces of a regional character. Inspired in the experiences of Boston and incorporating the 
teachings of Forestier, the plan was for a semi-corona around Barcelona with the inclusion of various 
green typologies. It also defined parameters of maximum distance between residential blocks and 
certain types of open spaces (Casals, 1998). For Rubió, what was required was a genuine territorial 
model, which he would finally define for all of Catalonia in the Regional Plan of 1932, incorporating the 
so-called “Zones of parks and reserved woods,” a large part of which are indeed parks today. 
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In parallel with the emergence of a regional outlook, the postulates of the modern movement 
significantly altered the relationship house-garden-park in favour of a landscape-nature relationship in a 
pure state, as expressed by Barba (1992, p. 33). Manipulated nature gave way to nature admired from 
afar. The setting became ambiguous and even decorative, as a support for a modern city of sculptures 
in the open landscape (Barba, 1992, p. 33). Torres (1979) justifies the abandonment of the garden theme 
due to incompatibility of the forms of nature with the abstract and radical repertory of the modern 
figurative world, although he names Burle Marx’s projects as an example of fusion of the two worlds.  
In the second half of the 20th century there appeared ecology applied to spaces, which would take the 
form of disciplines like landscape ecology, and the consolidation of that alteration of space-time with 
communication networks and speed. In this way we arrive again at the current moment, at the city of 
fragments submitted to large metropolitan functional units. In this context, the structure of open spaces 
begins to be characterised as active, in the sense of being a provider of ecological and social services 
(Forman, 1995; 2004). Leaving ecological services for the following section, we are thinking here of social 
services as the contemporary adaptation of those needs described by Olmstead and Rubió i Tudurí, 
among others, although without the component of project of the landscape. We are speaking basically 
of mental and physical welfare articulated through human relationships, the practice of sport and leisure 
in general. In this respect, according to Ribas (2002), two appropriations for the “consumption” of 
landscape have been made in the contemporary urban environment. On one hand we have the 
municipalised parks, often built over “economic accidents” such as obsolete industrial implantations or 
infrastructures which rationalize their space, the “terrain vague” of De Solà-Morales (1995). On the other 
hand, the escape from urban life, visible on weekends and in the summer, gives rise to relationships 
beyond the limits of the city, either for contemplation, sport, tourism or leisure in general: we are 
thinking here of urbanites’ use of territories like mountains or beaches in a growing demand for natural 
leisure. This reveals the limitations of the spaces of the intermediate urban environment for generating 
satisfactory conditions of relating with nature, at the same time suggesting the possibility that the 
intermediate road network can absorb and vertebrate this function. 
2.3.4. The ecological services of the territorial mosaic and their limitations in the urban mosaic of the 
intermediate road network 
As has been said, the second half of the 20th century witnessed the emergence of the ecological 
dimension in urban planning processes. From this perspective, the metropolitan territory can be viewed 
as a mosaic of habitats, a kind of ecological landscape which provides ecological and social services (Feria 
& Santiago, 2009). As Folch (2003) said, it is a territory in which the typically urban land uses alternate 
with the open spaces in which there subsists or emerges a variable degree of alteration. If our scale of 
Taming the Road | Josep Mercadé Aloy | 51 
 
study is the intermediate urban mosaic, we have to make reference to the discipline named Landscape 
Ecology (Forman, 1995). This discipline can be defined as the study of the interactions between 
landscape patterns and ecological processes, and more specifically of the influence of these patterns in 
the flows of water, energy, nutrients and biota (Feria & Santiago, 2009). Consequently, this type of 
approach to the territory will place emphasis on the system formed by the free spaces, understood as 
the land not dedicated to urban or para-urban uses, that is, spaces mostly free of constructions, whether 
of forestry, pastoral, agricultural or fully wild use, regardless of the legal status or ownership regime to 
which it may be subject (Folch, 2009). 
The ecological services provided by the system of free spaces, understood as an active part of the urban 
system, can be considered to be very diverse: reduction of atmospheric pollution; reduction of CO2 
emissions with greenhouse effect; attenuation of acoustic contamination; rebalancing of the water cycle; 
regulation of the microclimate; energy saving; creation of connectivity; attraction of biodiversity; 
protection of the water quality of aquifers; connectivity of the headwaters of rivers; support habitat of 
populations of species; habitat and shelter for large species (Forman, 2004).  
From a point of view of territorial planning and of projects in the intermediate urban mosaic, there is 
special importance in the concept of ecological connectivity, proper to the discipline of landscape 
ecology. This is the degree to which the territory facilitates or impedes movement by way of fringes of 
terrain (Forman, 1995; Mayor, 2007). It is the “functional relationship between ecological systems due 
to a concrete spatial distribution and the movements of organisms in the demand of their life cycle” 
(Mayor, 2007, p. 23). In habitats in which there are human settlements, that is, situations in mosaic form, 
the environmental situations experience more abrupt gradients, and in general are less capable of 
satisfying the movement of the species present in them. Today’s territorial planning schemes (see, e.g., 
Generalitat de Catalunya, 2010) incorporate to a greater or lesser extent analyses of ecological 
connectivity with the purpose of guaranteeing it. Although, as Mayor (2007) points out, it is very 
complicated to have exhaustive data of distribution and abundance of the species present, or of their 
interactions and other complementary considerations, the maintenance of connectivity guarantees the 
operativity of many species. Identifying the areas which can guarantee this connectivity is indispensable. 
In order to determine these ecological connectors, we need studies of ecological permeability and of the 
barrier effect of the territory under consideration. The so-called ecological permeability indices make it 
possible to identify quantitatively the spaces of greater permeability and to analyse their continuity. In 
the context of the Catalan territory, there is great value in the contribution of Marulli and Mallarach 
(2003) in the development of new methodologies for the evaluation of ecological connectivity at the 
regional scale in which three principal methodological components are established: the identification of 
functional ecological areas, the barrier effect index (BEI) and the ecological connectivity index (ECI).  
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However, the city of fragments tends to isolate and degrade natural habitats, and is responsible in 
general for an endless range of ecological effects which research has manifested in a generalised manner 
(Albert & Marzluff, 2004; Forman 1995), and even centring attention on the road (Forman, 2003). 
In Road Ecology, Forman (2003) conducted an exhaustive review of the ecological effects of roads in the 
territorial mosaic. The book is structured into four parts: (1) Roads, vehicles and ecology, (2) Vegetation 
and wildlife, (3) Water chemicals and atmosphere, (4) Road system and further perspectives. One of the 
questions brought to light in regard to the organisation of the road network is the fact that, given a 
particular grid of roads and inter-roads, the occupation of the latter by more infrastructural network is 
less aggressive, projected as arborescent channels in cul-de-sac form (see Figure 2.8). Although the list 
of all the impacts cannot be reproduced here, we transcribe below six points for a suitable policy 
addressed to the road-ecology interaction which form part of the conclusions of the study: 
 “(1) Perforate road corridors with underpasses and overpasses for frequent wildlife and water 
crossings to reduce the road-barrier effects and habitat fragmentation; 
(2) Use soil berms and vegetation and depress roads to reduce traffic disturbance and noise effects 
on wildlife (as well as people); 
(3) Decrease and divert traffic, including trucks, and channel it onto primary roads to reduce the 
dispersion of both noise and barrier effects; 
(4) Improve engineering designs of road surfaces, tyres, motors, and vehicles (aerodynamics) to 
reduce the ecological effects of noise; 
(5) Use cleaner fuel and “life-cycle” vehicular materials (by designing essentially all vehicle parts to 
be recycled) to reduce greenhouse gases as well as pollutants of soil, water and air; 
(6) Close or remove remote roads to reduce human access and disturbance.” (Forman, 2003, p. 
396) 
 
Taming the Road | Josep Mercadé Aloy | 53 
 
 
Figure 2.8. Four dissimilar forms with the same road density and dissimilar ecological conditions (Source: Forman, 2003). 
Returning to the overall structure of open spaces, it must be acknowledged that the provision of services 
is limited, as are the disturbances which it can support without moving towards an alternative status of 
stability. The term “resilience” refers precisely to the capacity of ecosystems to absorb these 
disturbances without significantly altering the characteristics of their structure and functionality (Alberti 
& Marzluff, 2004). Many human settlements collapsed in the past due to the degradation of their 
surroundings or major climate changes, as is demonstrated in the cases of the cities constructed and 
abandoned by the Mayas, the Anasazis, the Incas and the Egyptians. The question that occupies us here 
is that of the interactions between socio-economic processes and biophysical processes. The dynamic of 
the city of fragments entails the incremental change of the natural state well-connected ecologically to 
a highly fragmented natural mosaic. The ecological services lose weight n favour of the human services 
of the diffuse city, in such a manner that it becomes progressively more necessary to import the former 
from more distant areas, thus enlarging the impact footprint (Alberti & Marzluff, 2004). 
This demonstrates that the approach to the territorial mosaic from the standpoint of ecology applied to 
the space, and especially in regard to the characterisation of ecological connectivity and resilience, for 
an identification of the principal connectors and the management of a desirable equilibrium of 
anthropisation, is of the greatest importance for the management of the intermediate urban mosaic. 
2.3.5. Towards a transversal activation of open spaces 
The temptation of grouping into a broader view the ecological and social dynamics described above in 
reference to an interpretation and a strategy of intervention of the landscape did not take long to 
appear. McHarg (1969) took inspiration from the natural processes to propose mechanisms of 
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intervention in the territory. Especially evocative is the adaptation of the affirmation “form follows 
function” to “form follows process,” and even to “process is expressive” (McHarg, 1962, p. 101). In his 
plan for The Woodlands in Texas, McHarg used the stormwater drainage systems as instruments of 
management (Steiner, 2011).  
Waldheim (2006) reinterpreted McHarg’s view, incorporating the component of design to define a new 
discipline which he called Landscape Urbanism. This integral view situates the landscape at the centre of 
a transversal view which has the mission of overcoming disciplinary frontiers and frictions. It is also an 
approach to spatial planning which places the emphasis on the interaction between built systems and 
natural systems. There was a conviction, as expressed by Fulton (2008), that the city had become more 
a landscape than a city in the terms of urban agglomeration of a certain density. This consideration 
clearly entwines with the concept of intermediate urban mosaic and presents itself as an approach of 
the greatest importance for the purposes of this study. 
To illustrate this concept, it is necessary to refer to some interventions carried out under these precepts, 
although in reality they are relatively few. James Corner’s Freshkills project clearly exemplifies this 
approach. It is being executed over the world’s largest landfill, located in Staten Island and closed in 
1990. It proposes to transform the place into a park that will be three times the size of Central Park, in a 
strategy covering 30 years. The great novelty incorporated by this approach is that it is something that 
cannot be built, that has to grow by means of planting, cultivation, evolution and propagation. What is 
planned is the evolution of an ecosystem which will gradually acquire complexity (Steiner, 2011). Other 
examples of reference are the High Line project in Manhattan, by James Corner Field Operations and 
Diller Scofidio + Renfro, in which a derelict elevated railway line spanning 22 street blocks in New York 
has been converted into a raised civic route.  
In this spiral of proliferation of umbrellas designed to shelter disciplines, other recent terms can be 
mentioned which add new registers to this holistic approach. Thus, for example, ecological urbanism, 
proposed by Mostafavi and Doherty (2010), sought to fuse the disciplines of urbanism and ecology, 
aiming to embrace the progress made in the field of urban ecology, as a translation to the urban 
environment of ecology applied to space, landscape ecology. Steiner (2011) proposed another fusion 
with the term landscape ecological urbanism, which incorporates all the concepts set out here, with a 
view to a conception of planning capable of increasing ecological services instead  of reducing them. 
All of the above points to the need to manage the urban environment and the landscape with 
instruments capable of integrating the social, environmental, ecological, cultural, technological, 
aesthetic values, and so on. Today there is a dichotomy between the growing need to coin new terms 
that fuse the ones mentioned above, embracing the entire range and the possibility of an 
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“interdisciplinarity” of the classic disciplines. Especially revealing in this respect is the statement by 
Barthes quoted by Waldheim (2006) at the start of his book-manifesto The Landscape Urbanism Reader: 
“Interdisciplinarity is not the calm of an easy security; it begins effectively ... when the solidarity of the 
old disciplines breaks down – perhaps violently, via the jolts of fashion – in the interests of a new object 
and a new language” (p. 15). 
This reflection returns us to the initial purpose of the development of this chapter. It must be recalled 
that it is a question of developing instruments which can contribute to the reading of the intermediate 
urban mosaic with the aim of retrofitting it. In this way, the exposition of this section permits us, at least, 
to make an observation and two considerations to be taken into account when proposing the spatial 
analysis methods of this study. 
In the first place, the appropriateness is observed of speaking of a city-landscape in view of the 
intermittent mosaic condition of the fills and voids, natural systems and “urban things” in tension, 
perceptible from a kinetic relationship with the territory. The capture and mapping of the forms of the 
landscape make it possible to fix the elements which are to permit its articulation with the systems of 
settlements and infrastructures within the intermediate urban mosaic. The provision of ecological and 
social services is seen as a goal to be exploited from the instrumental point of view. 
The consideration which it is wished to make has to do with the mere presence of the natural systems 
which invalidate a closed planning approach. Thus, it is more a matter of establishing the framework of 
development of processes for the settlements and infrastructures rather than imposing the classic 
planning instruments on the open spaces. This approach will be taken into account when defining the 
strategies for retrofitting the intermediate urban mosaic. 
2.4. The characterisation of the intermediate urban mosaic through patterns of location of activities from 
a morphological perspective: a city-landscape of “urban things” 
The city-landscape of the intermediate urban mosaic is also an “archipelago of urban things,” as 
described by De Solà-Morales (2009). The object of this section is the identification of location patterns 
of these “things,” spaces of activity and infrastructural matter, and their spatial and morphological 
interpretation, on the basis of the “drawn” study of the urban transformation processes. This is a 
contemporary view, with morphotypological roots, which incorporates already highly evolved elements 
of the so-called Italian, French and British schools which were characterised in detail by Moudon (1994). 
Setting to one side the studies of a more strictly morphological character, in the sense of capturing the 
basic elements which generate the urban fabrics and their relationships (see, e.g., Conzen, 1960; De 
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Solà-Morales, 1993; Berghauser & Haupt, 2005), it is of interest to present the works of a more 
transversal character and territorial scale. 
There are various works which incorporate the study of the intermediate urban mosaic from this 
perspective. We can single out, on one hand, Moudon’s studies of North American suburbs, in which she 
quantifies aspects deriving from morphological analysis, drawing conclusions on their aptitude for an 
appropriation of the walking mode. In addition, and with greater importance for the description of the 
intermediate territorial mosaic, there are the studies of the Milan region by Boeri et al. (1993). In the 
case of Catalonia, we have to highlight the contributions of De Solà-Morales (1979, 1989), and more 
recently those of Font et al. (1999)  with The Construction of the Metropolitan Territory: Morphogenesis 
of the Barcelona Urban Region and those of Font (2012) with Urban Patterns of Economic Activities, the 
fruit of doctoral research works. We can also mention compilation works like Le Transformazioni 
dell’Habitat Urbano coordinated by Secchi (1993), or The Explosion of the City  (Font et al., 2004), which 
explores the urban evolution of the last quarter of the 20th century in the urban regions of Portugal, 
France, Italy and Spain: Lisbon, Porto, Marseilles, Montpellier, Bologna, Genoa, Milan, Naples, the 
Central Veneto, Barcelona, Donostia-Bayonne, Madrid and Valencia (see the examples in Figure 2.9). 
                              
(a)                                                                                             (b) 
Figure 2.9. Examples of studies on the evolution of metropolitan regions: (a) Milan Region (Source: Boeri et al, 1993), (b) Barcelona 
Metropolitan Region (Source: Font, 2012). 
2.4.1. Mapping and taxonomy of the urban environment 
Two desirable methodological steps can be indicated in the process of appropriation of a morphological 
interpretation of the urban environment. On one hand, minutely-detailed mapping must be done of the 
emergence of the multiple transforming elements of the built spaces with their physical expression for 
determined periods of time. The contribution by Carreres (2002) is especially important here in defining 
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the necessary base information for a complete evaluation of the occupation of Barcelona’s metropolitan 
territory. Carreres indicates the need to define three stages for each time period considered, noting the 
importance of establishing significant historical periods. The data relating to urban planning, the 
occupancy and urbanisation of uses and the occupancy of buildings becomes, along with the maps of 
transport infrastructures, indispensable for a satisfactory characterisation. This production of ad hoc 
mapping has to permit, on one hand, the typification of recurrent and/or dynamic forms of production 
of the regional city in question: in brief, the identification of patterns of location of settlements and 
activities in the territory. 
In contrast with the previous sections, here it is necessary to refer to concrete physical realities. It is 
considered appropriate to exemplify these two methodological steps on the basis of a principal case 
study as the linking thread. We are thinking especially of the studies conducted recently on the Barcelona 
Metropolitan Region, which, at least in regard to the north-west Mediterranean region, have 
represented a significant step forward in the interpretation of the contemporary territorial mosaic. 
Nowadays the Barcelona Metropolitan Region (BMR) is a discontinuous and polycentric reality (Font, 
2007) with the city of Barcelona as the regulating centre of metropolitan relationships; a first and second 
rings of 32 and of 124 municipalities, respectively; and seven subcentres, corresponding to municipalities 
of 50,000 to 200,000 inhabitants, self-sufficient, in principle, in terms of their labour market and services 
(Saurí et al, 2007). This is an urban region which has experienced a decrease in radial movements in 
favour of transversal movements, on the basis of relocalisations of industry and services and population 
decentralisation processes (Font, 2007). 
In this way, the cartography produced in the aforesaid studies has made it possible to identify the 
repertory of elements which have emerged and/or been transformed or substituted in the metropolitan 
environment which concerns us here. As an example, we transcribe below the inventory collected by 
Font (2007) for the period 1975-2000: 
a) Construction of roadway elements (motorways, trunk roads, twinning of first-class roads); of bypasses 
of towns; of extension and improvement of regional railway lines or metro lines. 
b) Appearance of large factories, new industrial or logistical estates, construction of containers in plots 
or isolated in the rural environment. 
c) Creation of major retail outlets, installations for leisure and offices (business parks, technology parks, 
etc.), in isolated containers or constituting specialised polarities. 
d) Creation of large metropolitan facilities for education, sports, penitentiary functions, etc. 
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e) Residential growths by extension of the urban fabrics of the nuclei, in the form of pluri-family or single-
family houses (detached, semi-detached or terraced), grouped or singular. 
f) Residential growths by way of single-family housing in the initial second-residence estates of the 1960s, 
occupied progressively and largely converted into permanent residences, or of occasional occupancy in 
rural territory. 
g) Operations of improvement and urban reform relating to free spaces, equipment, road 
systematisation, etc., in the metropolitan cities and nuclei. 
h) Internal transformations to substitute pieces in the urban fabrics and convert them into new adapted 
spaces for residential or tertiary activities, equipment, leisure, etc. 
i) Operations of rehabilitation of the residential stock and the historical heritage, to host original or 
diverse activities. 
j) Operations of endowment of logistical infrastructure (port, airport, etc.) and recreational amenities 
(marinas, nautical bases, etc.) (p. 43). 
In this way, the forms in the BMR would be defined, as Llop (1997) says, by the roles they play in the 
articulation of the metropolitan city: heterogeneous with regard to the parts and pieces which compose 
them; discontinuous with regard to the diversified constituent fabrics; nebulous with regard to the 
identification and categorisation of their elements; unequal in the quality of their components (p. 42). 
The research underlying the said studies has identified different categories for handling the 
interpretation of these forms: (1) geographical territories, (2) morphological territories, (3) uncertain 
spaces, (4) structuring pieces, (5) arterial elements, (6) uncertain spaces (Llop, 1997; Font, 2007). It is 
especially interesting to follow the thread of the morphological territories understood as modalities of 
spatial organisation, which correspond to a wide range of metropolitan situations associated, in turn, 
with different periods of urbanisation. We reproduce below the scheme proposed by Font (2007):  
a) Urban ambiences 
These correspond to the configuring urban fabrics of the traditional compact continuous city. This 
category includes, in the first place, the “agglomerates,” the result of the urban growth with patterns of 
roadway continuity, of recent historical formation, of relative density and mixture of uses, [...]. In the 
second place, the “extensions,” the consequence of urbanistic operations of prolongation of existing 
urban fabrics, [...]. Finally, the “filaments” are linear formations of construction, along historical roads or 
tracks, fluvial and orographic elements, or the new intermediate infrastructures [...] 
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b) Low-density landscapes 
These correspond to forms of urban growth based on detached (or semi-detached) construction types, 
generally of single-family housing, implanted in dispersed manner over the territory [...]  
c) Networked scenarios 
These are the set of urban forms which result from the implantation of containers and installations 
located beside the principal road infrastructures, alongside their route or the connection or interchange 
points, in singular places due to their high accessibility and perceptibility from the metropolitan flows 
[...]. Thus, the “arterial elements” would be the fibres or channels of mobility, while the “nodes” would 
be the junctions or gateways of the infrastructures, taking full advantage of their accessibility and 
exposure on the roadway (p. 44). 
2.4.2. The identification of the production mechanisms of the intermediate urban mosaic and their 
relationship with the intermediate road network 
The cartography created ex profeso makes it possible to observe the transformations of the urban 
environment, make a taxonomy of them and define principles of development of these mutations. 
In the context of the study on the Milan region, Boeri et al. (1993) indicates six principles of development: 
linear attractors, hybrid machines, islands, clonation areas, inserts and gradual metamorphosis. Here the 
“linear attractors” refer to the road infrastructures and other linear physical elements as concentrators 
of activity. “Hybrid machines” are the isolated containers located at strategic points of high accessibility 
and at the same time those which operate in the consolidated city. “Islands” refers to constructed areas 
of introversion in which restricted access with security control is often conceived. The “inserts” 
correspond to the one-off substitution of construction elements and plots, which for certain intensities 
would be responsible for important transformations. “Gradual metamorphosis” groups together more 
imperceptible transformations, such as progressive changes of use, which on the other hand are 
responsible for notable changes of identity. 
In the case of the recent studies on the BMR, two dynamics of urban development are detected, clearly 
differentiated from the previous processes of ”aggregation,” which correspond to the concepts of 
growth by “dispersion” and “polarisation” (Font et al., 1999; Vecslir, 2007).  
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(a)                                   (b) 
Figure 2.10. Examples of expression of production mechanisms of the urban mosaic: (a) mechanisms of progressive sectorisation 
and the formation of regional commercial centres (Source: Mangin, 2004) and (b) growths and infrastructures in the Sant Andreu 
de la Barca-Esparreguera corridor in the Barcelona Metropolitan Region (Source: Font et al., 2012). 
The mechanism of dispersion, as Llop (1997) said, continued to take place in the BMR during the period 
1976-1992. The main feature was the detached house and the other low-density modalities, now leaving 
behind the phenomena of marginal construction of previous periods.  
The mechanism of “polarisation” defines the location of activities, principally economic, associated with 
the potential of attraction inherent to the implantation of the road network which it has induced both 
in its modality with “façade conditions,” as Herce has said, and in the era of its growing specialisation 
and segregation (Herce & Magrinyà, 2002). This is the generalised recognition, which will be discussed 
in more detail in the following section, that the differential increase in levels of accessibility in the 
territory largely regulate the implantation of new activities. Herce (1995) demonstrated this 
phenomenon in his dissertation, which took as its opening hypothesis that the shape of the city, the 
arrangement of the urban activities on the territory, derives from the organisation of its infrastructure 
networks, among which the roads become the most important. Mangin (2004), in his work La ville 
franchisée. Formes et structures de la ville contemporaine, placed the emphasis on the strategies of the 
economic agents in their search for areas of land of low cost and high accessibility for the purpose of 
strategic location. With the term “franchisée” he introduced the concept of franchise in reference to the 
actors who occupy the land with this parasitary modality and that of unregulated territory, in the sense 
of being outside the control of certain forces of public order. He gave the example of the parking area of 
an exo-urban shopping mall in which there is an ambiguity over whether it is public or private in nature. 
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Figure 2.10 illustrates in a non-exhaustive manner some of the said production mechanisms of the 
territory. 
Thus, following the thread of “polarisation” of the studies which have been taken as reference for the 
BMR, it seems appropriate to make a first distinction, in which the planning factor will intervene in two 
senses. In the first place, two principal periods have been identified: one until the mid-1980s, in which 
the implantations were “one-off” and isolated, and the other from then on, in which there was a 
tendency towards an “axial organisation” guided by the network of road infrastructures and not so much 
by planning, which had gradually adapted to these logics. In the second place, another categorisation 
became important, again distinguishing two modalities: one made reference to the “incremental” 
process of individual operations, and the other to a process of ”addition“ of urban developments of unit 
planning and construction such as commercial, business or logistical parks (Font et al., 2012; Vecslir, 
2007).  
Having reached this point, the attributes of this generation of urban settlements can be synthesised from 
the perspective of their character, location, uses and modalities of grouping, forms of aggregation, 
characteristic of the resulting free space and the visibility of the complex from the approach road 
network, again following the works of reference mentioned above.  
The attribute of character alludes to concepts such as Secchi’s (1996) lengthened use of the territory, 
“la strada mercato” (Ambrosini, 2002) and imaginary concepts such as those included in Domingues’ A 
Rua da Estrada (2009).  
With regard to “location,” and following Font (2012), the distinction is made between activities of 
production and consumption for the period 1977-2004 in the BMR. This categorisation of productive 
activities and consumption is refined with greater precision in the said study, with various nuances which 
will not be included in this dissertation. Thus, for production spaces, an appropriation is detected of 
places of greater accessibility to the road network of greater hierarchy and the telecommunications 
networks. This is a consideration which unites with the reasonings expounded in the following section. 
In another respect, the spaces dedicated to consumption tend to “be located near to road intersections, 
often coincidint with a strategic position (or even a symbolic one) at the entry to centres or existint urban 
fragments” (Font, 2012, p. 146). 
When speaking of ”uses and modalities of grouping,” tendencies are indicated of grouping of activities 
by the synergies which are established between them or by their complementary nature, which have 
given rise to observable situations which are common in the everyday landscapes of the regional urban 
environment. With regard to production, the “tertiary-productive areas” of the business parks become 
clearly visible, with a joint corporate image and various common services (banks, hotels, etc.) The 
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“logistical activity areas,” destined to transport, storage and distribution of goods, concentrate 
companies of diverse territorial scope with the presence also of common services. The “scientific or 
technological parks” conceived to concentrate high-technology companies make up singular 
urbanisation groupings with high-quality communication services. With regard to consumption spaces, 
we must mention in the first place the “commercial spaces” in which large specialised retail outlets 
complement each other and at the same time forge synergies with other leisure services and activities 
such as fast-food establishments, discotheques, multi-cinemas, etc. In the second place there are 
thematic “leisure parks” whose specific character is often associated with commercial and hotel 
activities, and even residential functions in the case of golf courses. Finally we must mention the 
groupings of specialised commercial establishments in the form of containers which combine commerce 
and artisanal or small industry activity or certain tertiary uses. 
This type of study enables conclusions to be drawn on the morphology of these groupings, thus 
establishing typologies of relationships between the pieces, the nature of the free space of circulation 
and on the aspects related with the visibility of the groupings from the road network itself.  
In summary, it is interesting to declare the importance of the maps presented in this section to detect 
the mechanisms of production and transformation of the built environment. In our case, special 
emphasis must be placed on the processes of location of new urban pieces in relation to the road 
network. In the same way, a distinction must be made between the phenomena of a more sedimentary, 
incremental, character and the processes of addition of more unitary developments of planning and 
construction. The potential of reincorporating the first cases into projects of supramunicipal linkage, 
which can give a new meaning to certain areas of the urban mosaic, is greater than in the second case. 
Complementing this consideration, there are other factors of a morphological nature which give the 
fragments of fabric a greater or lesser aptitude for accommodating the human scale and conferring 
urbanity (see, e.g., Gehl 2010; Jacobs, 1961). The possibility of recycling the pieces which have to 
intervene in the retrofitting of the intermediate urban mosaic is a decisive factor in defining 
transformation strategies. Although studying these factors is not the object of analysis of this work, these 
questions will inevitably be considered indirectly at the moment of establishing criteria of propositive 
action. 
2.5. The characterisation of the Intermediate Urban Mosaic through spatial relational patterns: a city-
landscape of relationships 
The “urban things” referred to in the previous section correspond to the spaces which host the activity 
and to the inert infrastructural matter. The multiple interactions between these elements will define 
identifiable spatial relational patterns. As Jensen (2009) has said, “Cities are indeed marked by the 
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physical ‘traces of dead’ and passive layered morphologies. But they are equally constituted by the 
multiple flows, interactions and linkages from the local to the global” (p. 139). The relationships and 
interaction must be understood in a broad sense, which ranges from the strictly social aspect to the 
study, visualisation and simulation of the flows in general, along with the analysis of the topology of the 
spatial and functional configuration of “urban things.”  
Unfortunately, there is no general theory which makes it possible to treat and model all the physical 
aspects of the urban environment jointly with the functional, social and behavioural aspects in an 
objective, simplified manner. If our goal is to demonstrate urban relational structures of supramunicipal 
scope, we can opt to do so more from the point of view of mobility flows (the vehicles and persons that 
circulate through the infrastructure), or from a spatial-topological perspective, often deriving from graph 
theory (the morphology of the infrastructural support). 
If we centre our attention on the travel flows, transport engineering has dealt with the question from 
many points of view. The need to use models of travel demand dates back to the mid-19th century 
(Carey, 1859). After the Second World War, the US Public Roads Bureau presented the first edition (1950) 
of the Highway Capacity Manual, which quickly became an obligatory reference all around the world. 
This Manual presented the concept of capacity, along with the methods for calculating it in various road 
typologies (Weiner, 1986). Also in the 1950s, work began on developing the so-called “four steps” model 
or Urban Transportation Planning (UTP), addressed to the quantified estimation of the flows of 
passengers, vehicles and others which a particular infrastructure will support in the future, which is 
applied everywhere today, incorporating multiple sophistications. Over time, other models have been 
developed which take into consideration the rest of the factors intervening in the urban system. Solely 
in relation with the reasons for travelling, Axhausen (2008) has said that “Instead of relying exclusively 
on the generalised costs of travel and the hedonic utility of a location as modulated by the 
sociodemographics of an individual and perhaps his or her values, attitudes and lifestyle, one can add as 
explanatory factors both the social network geography of the person and his or her biography and 
network-based decision making” (p. 982), manifesting the complexity of a modelling of the forces 
involved. If we take the example of the European SUSTAINCITY 6 project, we see in its documents that 
                                                                
6 “The Micro-simulation for sustainable cities in Europe (SUSTAINCITY) is part of the Seventh Framework Programme (FP7) for 
Research of the European Commission (EC) (January 2011 to December 2012). [...]  The aim of this project is to address the 
modelling and computational issues of integrating modern mobility simulations with the latest micro-simulation land use models” 
(De Palma et al., 2011). 
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the analysis and modelling of the agents acting in the urban system includes demographic models, 
household behaviour and residential choice, the role of stakeholders, firmographics and transport 
microsimulation. Additionally, it speaks of complementing these aspects with econometric models, 
descriptive and geographical data and social and economic attributes. This demonstrates the complexity 
of contemporary models of land use and transportation.  
In parallel, the geographies of mobility flows (the functional areas of the territory) have traditionally been 
“drawn” on the basis of surveys or other procedures conducted with the population, which make it 
possible, as stated by Miralles and Oliver (2008) to interpret the spatial distribution of urban activities, 
the offering of existing transport facilities and services and the functional relationships established 
between the different socioterritorial geographical areas (p. 13). The analytical instruments, in this case, 
operate in two directions. On one hand, the nature of the functional units must be deciphered, that is 
to say, the pertinence of the region of study with regard to its surroundings and the existence or 
otherwise of internal subfunctional units. On the other hand, work will be done on evaluating the reasons 
for trips, the modes of transport and the associated modal chains, the moment when trips are made and 
their duration and the segments of population involved.  
In addition, we can speak today, in a generalised manner, of the growing proliferation of production and 
publication of visualisations based on real-time data – big data – generated by the urban environment 
itself (Batty, 2012). “Data is increasingly about interactions and relations, about networks and 
connections, and it is little surprise that the current cutting edge of visualisation is in visualising 
networks,” as Cheshire and Batty (2012, p. 413) have said, emphasising the role of the networks in the 
struggle to reveal the functioning of cities. 
Finally, the spatial-topological factor, in the scope of the relational factor, has often been advocated as 
the key element for an interpretation in which the central feature is not the flow but the structures which 
support and condition it. Thus, in regard to the spatial configuration of the concentrations of activity and 
their character of centrality, Hillier (1999) has expressed, within the framework of the concept of 
“movement economy”7 and of the Space Syntax theories which are discussed in this same chapter, “that 
evolving space organisation in settlements first generates movement patterns, which then influence land 
                                                                
7 Hillier (1999) explains the concept of “movement economy” as follows: “The key proposal is that a distinctive spatial component 
is always present in live centres because at all levels it occurs in locations favoured by and influenced by the ‘movement economy’ 
process (as outlined in Hillier 1996a (Chapter 4) & b). The theory of the ‘movement economy’ was developed from the notion of 
‘natural movement’ (Hillier et al 1993) which had arisen from studies showing that, other things being equal, movement flows in 
different parts of a street network were systematically influenced by the spatial configuration of the network itself” (p. 2). 
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use choices, and these in turn generate multiplier effects on movement with further feed-back on land 
use choices and the local grid as it adapts itself to more intensive development” (p. 2). These same 
precepts have even been used to study models of artificial growth processes. Especially interesting is the 
study by Koenig and Bauriedel (2009) which proposes a methodology to generate urban structures, 
placing special emphasis on interactions between settlement spreading and road networks. 
This research will focus attention on the role played by the intermediate road network in the spatial 
configuration of proximity structures, for reasons of its own geometry, topology and relationship with 
the activity it supports. Therefore, the aspects of a strictly social nature, the evaluation of the factors 
operating in travel decisions and the quantification or visualisation of the flows are considered only 
indirectly, since the intention is to emphasise the interpretative and propositive potential which the road 
network-concentration of activity binomials have in themselves in the intermediate urban mosaic. 
In any case, the networks in general take on a central role in this question: “To understand place, we 
must understand flows, and to understand flows we must understand networks” (Batty, 2013, p. 1). For 
“network” we can take the definition stated by Dupuy (1991) which facilitates its physical comprehension 
in the territory. We can call “network” the set of relationships between actors which occur in a system 
which includes the actors and the relationships. Dupuy establishes two prior axioms: (1) the axiom of 
diversity of points of space and (2) the existence of transactional projects which refer to the actors’ 
individual or collective intentions of relationship. Dupuy expresses the need for an intention to maintain 
relationships prior to the materialisation of the network. In this respect, he distinguishes between the 
virtual network, which encompasses all the intentions of relationship and the real network which 
corresponds to the materialisation of the interactions. There also appears the actor, named “operator,” 
who has to gather the set of transactional projects. The network is, then, an equilibrium between the 
individual projects of connection and the need for organisation of the network (Magrinyà, 1999).  
All the approaches, sectorial or otherwise, to an interpretation of the contemporary built environment 
situate the networks of mobility infrastructures, among others, as an indispensable inducting factor of 
their dynamics. The relationship of atemporal causality “accessibility”–“decentralisation and (re)location 
of activities” has been invoked from all the disciplines which take the territory or territorial studies as 
their object of analysis. Consequently, it becomes especially important to study this mechanism of 
transformation and production of the territory, so it is presented here as the keystone for a complete 
interpretation of the intermediate urban mosaic situated over the intermediate road network. 
This section will present, in the first place, an evolution of the “city-transport/mobility” binomial. In the 
second place it will expound the principal techniques and instruments available for a topological reading 
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of the intermediate urban mosaic, in the sense of comprehending its spatial-relational configuration and 
scope in the territory. 
2.5.1. Evolution of the “city -transport/mobility” binomial 
Although the city-transport binomial is inherent to the urban phenomenon, it was not until around 1870 
that substantial changes took place with industrialisation, which began to take on a more active and 
controversial role (Hart, 2001). In any case, it is necessary to clarify that this relationship occurred 
basically on three levels: long distance (inter-regional/international), intra-regional (including the region 
towns), and the internal transport of the compact city. In view of the goals of this dissertation, attention 
will be focussed solely on the second case.  
While a historical review would demonstrate that long-distance transport played an extremely important 
role in the city of before and after 1870, we can agree that, for the case of urban and interregional 
transport and mobility, the changes occurred in a much faster manner after that date (Hart, 2001). Thus, 
before that date, and in the absence of the phenomenon of pendular mobility or commuting, we could 
clearly speak of countryside and city as two spatially delimited realities. But subsequently there occurred 
a truly complex process of transformation towards the generalisation of an urban lifestyle (Champion, 
2001), intimately related with the introduction of the new modes of urban transport and services 
(Antrop, 2004; Herce & Magrinyà, 2002). This led to a gradual diffusion of countryside and city which 
would shape the present-day territorial mosaic of fragments and major regional functional areas. Below 
we identify the changes which have made the most substantial contributions to generating the 
contemporary regional urban artefact from the perspective of mobility. 
Setting to one side the phenomena which affected extensive growth with continuity with the urban 
nuclei and the interior reforms of the towns and cities, we situate ourselves at the moment when the 
railway powered a first wave of selective transformation, offering high levels of accessibility around its 
stations. With the arrival of electricity at the end of the 19th century there arose the possibility of 
decentralisation, which did in fact take place, as has been stated in the section on population flows. 
Industrial activity unmade its linkage with the source of energy, and the phenomena of low-density 
housing, with different modalities and motivations according to the place, were influenced by the models 
of Howard’s garden city (Magrinyà, 2013). It is very common to speak of a radial or star-shaped growth, 
in which the city itself and also its immediate surroundings, privileged by greater accessibility, 
concentrate the labour market and social activity (Antrop, 2004; Hart, 2009). In fact, some models of city 
would adapt their generating mechanism to the new forms of locomotion, as is the case of Soria’s Linear 
City with the tramway. Here the city literally offers a linear organisation which is accessible and 
continuous on the transport infrastructure, which at the same time becomes the concentrating space of 
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all the relationships (Dupuy, 1991; Magrinyà 2013), anticipating the subsequent observable phenomena 
of conurbation on existing territorial axes. 
The arrival of the automobile in Europe, in the early 20th century, signified an unstoppable mechanism 
of transformation of the territory, as also occurred in the USA (Dupuy, 1995; Herce & Magrinyà, 2002; 
Mangin, 2004). There are various models of city, which we could call of new design, which, built or 
otherwise, exploit the possibilities offered by the automobile.  
The enthroning of the private vehicle after the Second World War contributed to a large extent to the 
dispersion of the population and the activities of production and consumption, in a self-perpetuating 
process. The prosperous industries, often conurbated and trapped in the congestion of the large centres, 
with growing requirements of space and connectivity to the mobility networks, sought alternative 
locations. Housing underwent new waves of dispersion, which in turn were offset by the new location of 
urban services and consumption activities. From here on, the city became the diffuse artefact described 
by Indovina (2007), and in a complementary manner metropolitan structures began to appear. Thus, 
there was a multiplication of the origins and destinations of mobility, the number of trips and their 
distances, and there was a significant rise in reverse commuting, that is to say, a growing need for non-
radial trips (Hart, 2001). Municipal self-containment displayed free falls, up to 12 points in the case of 
the BMR in the period 1986-1996, to give just one example (López, 2003). In this respect, it is interesting 
to observe that the time spent in everyday work-related trips is seen to be a territorial invariant, while 
the distance covered increases very considerably (López, 2003). At the same time, there was a clear 
increase in the indiscriminate use of the private vehicle to the detriment of other modes of transport. 
The factor, already commented, of the dispersion of origins and destinations caused a dispersion of flows 
and the increasing difficulty of serving them with collective transport. The spiral of motorisation-
dependence on private mobility was indicated by Dupuy (1991) and interpreted by Herce and Magrinyà 
(2002), placing the emphasis on the loss of accessibility it signifies for non-motorised citizens.  
These new needs progressively brought about the construction of more infrastructures and/or their 
improvement in terms of services and reduction of travelling times, with a progressive increase of the 
offer of specialised and segregated routes. The alterations of space-time represented by these 
transformations led to new opportunities for the territory, which experienced an increase in accessibility, 
offering the possibility of location of ever more specialised activities in the line expressed in the previous 
section (Herce, 2010). In reference to this question, López has said that the principal problem of this 
specialisation in regard to mobility is that it cancels out the gains of accessibility achieved previously and, 
as Ramon Folch has commented, simultaneously, in practice it brings points closer together and sets 
uses farther apart, which creates a schizoid pattern of behaviour: it separates the things that have to be 
together, in the confidence that people will be able to move around quickly (López, 2003). The 
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substitution of location by mobility foreseen by Friedmann and Miller (1965)  is a fact in an intermediate 
urban mosaic which would undergo the phenomenon named “land use transport feedback cycle” 
(Wegener & Fürst, 2007). Thus, as is stated in the documents of the SUSTAINCITY project, in its “policy 
brief” of “SustainCity: Using land-use/transport models for sustainable policy-making” (de Palma et al., 
2011): 
“The feedback cycle can be read as follows: 
• residential, industrial or commercial land use distribution in the urban area determines the locations 
of human activities; 
• the distribution of human activities in the area induces trips and creates a demand (and supply) for 
trips in the transport system to overcome the distance between the locations of activities; 
• the supply of infrastructure in the transport system creates opportunities for spatial interactions, 
measured as accessibility; 
• the distribution of this accessibility in space influences location decisions and provokes changes of the 
land use system.” (p. 6) 
Additionally, we wish to make a parallel clarification in the sense of making a clear differentiation 
between the location of activities in the territory, of an apparently self-organisational character as 
commented in the previous section (Font, 2012; Indovina 2007), and the production of infrastructures 
and their transformations which in general have been planned. It is especially pertinent to introduce 
here the concepts of models of supply and demand. In the demand model, the volume of future demand 
is estimated on the basis of the existing mosaic of activities as a generator-attractor of mobility. In 
contrast, in the supply model, the infrastructure is entrusted with the role of planning instrument which 
is prioritised over and/or regulates the spread of activities and the intensity and nature of their mobility 
relationships (Herce, 2010; Magrinyà et al., 2007). As Herce (2010) says, for decades the demand models 
governed the approach to this aspect of planning, perpetuating the cycle of identification of activities - 
new relationships - more infrastructures - alteration of the gradients of activities - location of new 
activities. 
2.5.2. The spatial-topological configuration of the intermediate urban mosaic 
The regional and relational condition of contemporary urban environments leads us to a twofold reading 
of the patterns of mobility and centrality which govern their functioning. Again following the thread of 
that contraposition of complementariety between metropolitan area or functional relationships and the 
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intermediate urban mosaic of proximity, we could identify two categories of phenomena to be 
characterised from a perspective of the relational realities in the spatial structure. 
On one hand there are the urban nuclei and their census zones – which we could call “official” zones – 
which are considered in mobility surveys and typically in the counts of generation and attraction of trips. 
This a question of the metropolitan centroids and their metropolitan relationships, that is, of the 
metropolitan area. We are thinking here, by extension, of all the territorial functional units in which 
urban nuclei intervene, regardless of whether or not they contain nuclei of large territorial importance. 
We also wish to note that, as was said at the start of this section, attention will not be paid to long-
distance mobility or to the internal mobility of compact nuclei. 
On the other hand there is the city of fragments, of the already described phenomena of self-
organisational nature of the intermediate urban mosaic. Here it is considered appropriate to distinguish 
once again between the “incremental” processes of individual operations with a tendency to generate 
the mentioned conditions of intermediate urban mosaic, and the processes of ”addition“ of urban 
groupings of unitary planning and construction such as commercial, business or logistical parks. The 
purpose of this distinction is to introduce phenomena of proximity, thinking of incremental 
environments in isolation or of their relationship with environments of addition and urban nuclei. 
In our case, we will focus attention primarily on the second group of phenomena in view of its greater 
importance in characterising the intermediate urban mosaic at the proximity scale. Below we will 
describe a set of relational reading instruments which operate from the point of view of the 
infrastructures which condition and support the flows. 
The approach from the urbanism of networks 
Several researchers of the Barcelona Technical School of Civil Engineers have included in their studies 
those of the evolution of the spread of networks of urban services and transport as a motor of the 
transformations of built environments (Herce & Magrinyà, 2002; Magrinyà, 2013).  
These studies take as their initial basic instruments of this approach Dupuy’s concept of network (1991), 
Taaffe’s (1973) evolutive sequence of a network  and the phases of development of a network proposed 
by Offner (1993).  
Similarly to the studies of a more morphological character, ad hoc mapping must be developed for 
relevant periods, representing the evolution of the networks in question and of the settlements, with 
their basic characteristics of form and use. These precepts make it possible to infer mechanisms of 
production and transformation of the territory. 
Taming the Road | Josep Mercadé Aloy | 70 
 
Following these principles, especially noteworthy is the work coordinated by Magrinyà et al. (2009), 
“Cerdà, 150 years of modernity,” with these criteria, for the city of Barcelona considering the 
predominant transport modalities and the threshold leaps as a defining concept of the periods. The 
threshold leaps considered, which correspond to important changes in the dominant modes of 
locomotion, are: 1860-1878, railway, stagecoaches and “ripperts” (mule-drawn carriages); 1878-1897, 
“tramvies de sang” (mule-drawn trams) and interconnection of railway stations; 1897-1953, electric 
trams and the first bus and subterranean metro lines; 1953-1986, substitution of trams by buses, 
extension of the automobile and the metro; 1986-2009, metropolitan extension of the road system and 
extension of the bus network. In this way, it is observed that “On one hand, there is a restructuring of 
the existing built city thanks to the construction of infrastructures which order the urban fabric and 
prepare the city for the new leap of scale in its growth. On the other hand, the extension of the city takes 
place over the support of the new transport modalities associated with these threshold leaps.” Magrinyà 
(2013) has made this approach extensive to urban services as a whole and to territories of regional scope, 
contributing with his methodology of threshold leaps a relational approach explaining the production of 
the urban environment. 
Another example of this type of approach is Herce’s (1995) dissertation, in which it was observed how 
the continuous construction of road variants affects the organisation of the city in terms of the location 
of activities and the evolution of land prices. Some twenty medium-sized Spanish cities were considered 
in which road variants had been built. In all cases, the polarising force of the variant as an attractor of 
activity was observed, propitiating the leap to the other side of the road prior to the conurbation of the 
space between the road and the existing nucleus. Herce also analysed the way in which these growths 
occur in relation with the technical characteristics of the roadway. In an initial stage there are the roads 
adjusted to the topography, with conditions of façade and a tendency to a retrofitting of roadway 
alignment, which are absorbed by the city. A second tendency is the segregated road, with slopes 
independent of the topography, in which the city is materialised in the form of isolated groupings. Finally 
there appears the segregated roadway in the form of trunk road, which reduces its contact with the 
territory via its accesses. Here the city is concentrated in a dispersed and specialised manner on the 
nodes and the intermediate catchment roads of this segregated structure. 
This approach to an interpretation of the production of the intermediate urban mosaic is especially 
useful for cities of fragments. It makes it possible to discern clearly between the more incremental 
processes and those of addition, relating them with the emergence of urban services and very especially 
with the road network and its technical characteristics.  
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From graph theory instruments to centrality measures 
The instruments of spatial analysis of networks began to be disseminated at the moment when a certain 
computing capacity became available. The foundations of this set of analytical tools derived from graph 
theory and from the associated measurement indices developed some decades earlier (Garrison, 1960; 
Hagget & Chorley, 1969; Hillier and Hanson, 1984; Kansky, 1963). Below, far from carrying out an 
exhaustive review of all the indices and measures that have been developed, we describe two groups of 
techniques which have demonstrated their potential for interpreting the urban phenomena which 
concern us here. These are: (1) the indices deriving from the concept of accessibility and the mapping of 
time in general, and (2) those of Space Syntax theories and centrality measures in general. 
Accessibility and mapping of time 
The territorial accessibility indicators make it possible to represent graphically the alteration of space-
time as a consequence of the presence of infrastructures, and even to evaluate the imbalances caused 
by the implantation of new network arcs and/or the modification of the specifications of the existing 
ones (Herce & Magrinyà, 2002). These procedures show clearly the incorporation of new places, of 
privileged accessibility to the market of the location of activities, while indicating those which have 
experienced relative decreases. The calculations of accessibility and the mapping of travelling times are 
relatively common elements in present-day territorial studies. 
Accessibility can be approached from multiple viewpoints, and there is no consensus on its definition. 
Batty (2009), in an effort to clarify this concept, proposed distinguishing between geographical and 
geometric accessibility. Geographical accessibility “associates some measure of an opportunity at a place 
with the cost of actually realising that opportunity; in its early form, increased accessibility of a place 
with respect to some fixed location was assumed to vary directly with a measurement of the size of the 
opportunity at some other place or location and to vary inversely with the distance or time taken to 
access the opportunities between the two places in question [...] but the usual form is to produce a 
composite index of total accessibility from one place or zone to all others, which gives a measurement 
of how easy or difficult it is to realise all these opportunities from the place (zone) in question” (Batty, 
2009, p. 191). On the other hand, if we cease to consider the opportunity factor, that is, if we set aside 
the behaviour factor to take only the physical infrastructure as the reference, we have geometric 
accessibility. The physical infrastructure is often modelled on the basis of the network of streets and 
roads, or even of the plots or buildings in which activity occurs. In general, geographical accessibility is 
applied at a larger scale, while geometric accessibility, in which it is assumed that all the places of the 
territory offer the same opportunities, operates at a more detailed scale. 
Taming the Road | Josep Mercadé Aloy | 72 
 
Figure 2.11. Isochronic passage chart (Source: Galton, 1881). 
Pure geometric accessibility is intimately related with the SpaceSyntax theories and the centrality 
measures described in this same section. 
As for time mapping, Ratti (2005) used the example of the “Isochronic Passage Chart” created by Galton 
(1881) in the 19th century, which constitutes a representation of the so-called isochrons to represent 
the territories situated a certain number of days’ journey from London, in which the greater speed of 
sea travel over land travel is considered. The isochronic curves are a simplified way of superimposing 
time information over that of conventional topographic plans (Figure 2.11). Another approach consists 
of chronogeographic representations, which show distorted maps according to the travelling time in 
each case. In this respect, the distorted map of Europe revealing the effects of the introduction of high-
speed trains is well known. 
A habitual measurement of geometric accessibility is the generalised accessibility index (GAI), which 
defines for each pair of points considered the travelling time between them, on the basis of their 
distance on the network and the speed associated with the planned route. Obviously the choice of the 
points, or zones, to be considered, the definition of routes and the way in which the speeds are to be 
assigned generate multiple nuances and sophistications in this respect. The average travelling time from 
each point to the rest of the points considered is then taken. The graphic representation of this index is 
carried out by means of isochronous lines, understood as the geometric place of the points which stand 
at a certain time distance from the others, or by highlighting the zones which have been considered with 
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scales of colours representing intensities of accessibility. Another approach, which constitutes a 
measurement of geographical accessibility, is found in the ICON connectivity indicator, which evaluates 
accessibility as a function of the minimum time required to reach the nearest node (or nodes) of a 
network, and of the utility enjoyed in this node by each one of the transport networks considered. The 
original formulations considered the motorway network, railway lines, ports and airports. The utility 
considered in each node was associated with the continuity of the network and the registered intensities. 
The ICON was developed for the study “Analysis of Isolated Zones in the Mediterranean Regions” (1989) 
with the purpose of evaluating the endowment of transport infrastructures in the European part of the 
Mediterranean Basin, focussing on the detection of the most isolated areas. Turró and Ulied (1989) and 
Ulied (1995) conducted a more in-depth theoretical development. The ICON has been used, for example, 
in an atlas published by ESPON (2004).  
These types of approaches have been widely used and incorporated into mobility studies to compare 
the current scenario and the one proposed in each case. For our purposes, we are interested in those 
studies which used these instruments to detect activity location patterns of the city of fragments. In this 
respect, especially revealing is the study commissioned by the Barcelona City Council from Herce and 
Magrinyà in 1995 (Herce & Magrinyà, 2002) with the objective of highlighting the sensitivity of location 
of certain uses in relation with the alterations of accessibility. The comparison of the isoaccessibility 
maps prior and subsequent to the construction of the Rondes8 permitted significant conclusions to be 
drawn. Thus, in the first place, the Rondes unified the accessibility levels of the intra-Rondes territory. 
Secondly, the growth of the interior space of the mean accessibility curve is manifested. Thirdly, the 
coincidence of the location of large retail outlets around the nodes of this road system is univocally 
demonstrated, as is the speed of reaction of this type of economic actors. This is therefore a set of 
instruments which are especially useful for comprehending the mechanisms of activity location of the 
city of fragments and especially in relation with the large operations which we have called “of addition.” 
 
                                                                
8 Here we refer to the ring road composed by the Ronda de Dalt and the Ronda Litoral, which were constructed following the 
nomination of Barcelona as the venue for the 1992 Olympic Games (see for example Riera, 1993.)  #REF INTERNAL NOTE Urban 
and regional impacts of the Rondes of Barcelona. Riera, Pere 1993: Nº: 37 – Articles Espais: magazine of the Department of 
Territorial Policy and Public Works - urban and regional impacts of the Rondes of Barcelona. 
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Space Syntax and centrality measures of the network 
With a long track record in the field of spatial analysis of road networks, which has demonstrated 
multiple applications, we must highlight the instrumental contributions revolving around Space Syntax 
theories, which date back to the 1970s with Hillier (Vaughan, 2007). The most important references in 
this matter can be found in the books by Hillier and Hanson (1984), Hillier (1996), and Hanson (1998), 
and in the proceedings of the Space Syntax Symposia. 
For this discipline, the city basically has two components, which are buildings connected spatially and a 
complex system of activities connected by interaction. It is a question both of the “physical” city and of 
the “social” city, which, according to Vaughan (2007), would be considered from the morphologist 
disciplines and the social sciences, from the perspective of the first or second condition, respectively, 
leaving in each case the secondary condition “as a shadowy set of patterns and forces” (p. 206). It is in 
this context that the approach named Space Syntax situates space, the spatial configuration, as the 
common denominator of the two realities: a highly-developed mixture of concepts of graph theory with 
their interpretative potential of social aspects, which are transformed into measures and 
representations of the spatial structure. This leads to the suggestion that the space had its own logic 
prior to the acquisition of the social logic: the possibility of an autonomy of space which shapes a 
particular social expression (Hillier and Hanson, 1984). With these precepts, a range of tools have been 
developed, associated with a set of theories which would jointly make it possible to explain, and 
therefore foresee, certain social phenomena, with which research has demonstrated a correlation. 
Focussing attention on the part of the instruments which are applicable to the scale of the city and the 
territory, two basic concepts take on great importance. For each trip we choose where we are going to 
and which way we go (Vaughan, 2007). Thus, we tend to go to nearby places: that is to say, places that 
are “closer” to the other places for a particular radius of action will potentially be more likely to be 
destinations, will be more integrated, to the purposes for example of opening a shop. In addition, those 
routes chosen among all the points of the space we pass by to go to the destinations signify central 
spaces due to the overlapping of times we pass by there. The two phenomena are measured on the road 
network and are known by the names of “integration” and “choice”. The notions of distance and 
proximity pass through the sieve of geometry and topology, that is, the spatial structure which will be 
revealed as the true motor of movement. The values obtained are typically presented over the lines or 
segments of the road network, the nodes, with a scale of colours.  
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Figure 2.12. Integration (above) in Atlanta (right) and London (left), Choice (below) in north London for infinite radius (left) and for 
radius 1.25 km (right). (Source: Vaughan, 2007). 
It is impossible to reproduce in these lines a detailed account of each one of the techniques used, 
although it is considered necessary at least to sketch out the most representative methods of analysis 
and their evolution. In the first place, mention must be made of the use of the so-called axial map, which 
consists in drawing the road/street grid by means of the “longest and fewest lines” which correspond to 
the straight lines of free view of obstacles. If we take one of these lines, we will see that it is intersected 
by a number ‘n’ of other lines, labelled “depth 1,” which in turn will be intersected by other ‘m‘ lines 
labelled “depth 2,” and so on successively. In this way, each line of the map takes on a depth value with 
regard to the initial line, representing the minimum number of changes of direction which have to be 
made from the origin considered. The total depth is obtained by summing all the depths from a particular 
origin. In this way the status of each line is obtained. Once certain standardisations have been carried 
out, the value of the so-called Integration Index is obtained, which takes high values for the most 
integrated lines and lower values for those more segregated. This process which we have seen for one 
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chosen line is repeated for all of them, each one becoming the origin in each new calculation. In this way 
the so-called Global Integration is calculated. The measurement named “Choice” corresponds to 
betweenness centrality, which is defined below in the context of the indices deriving from structural 
sociology. 
The evolution of the instruments, now integrated into various versions of software9, has inclined towards 
making it possible to define the network in intervisibility lines or segments, each one of these elements 
representing a node on the graph and leaving the role of arcs to the intersections between them. From 
this point on, measures are taken of Integration and Choice, of all the segments with all the others, with 
different definitions of the distance parameter: minimum path (metric), minimum variation of angle 
(geometric), minimum number of turns (topology). One aspect of the maximum importance is the 
application, for each calculation, of a radius, which can be measured with any of the concepts of distance 
described here, permitting the expression of spatial structures for different scales of territory. Figure 
2.12  shows the measures of Integration and Choice for different search radiuses. Thus, for example, it 
demonstrates for the case of London that the distance measurement of minimum variation of angle on 
the axis covered would be the best predictor of movement, followed by minimum turns and metric 
distance. What it is wished to demonstrate with this example is that people do not move around with a 
mental model of metric distances. 
Beyond the prediction of movements in the territory (especially by pedestrians), the location of 
economic activities and the characterisation of centralities for different radiuses from a perspective of 
topology, this methodology has succeeded in explaining a multitude of urban phenomena. The 
phenomena of social segregation and also of indexing of criminology within the fabrics of urban 
environments has often been correlated with low measures of integration (Vaughan, 2007). 
In a broader context, Space Syntax theories entwine with Network Science, which studies the 
relationships between related elements by means of graph theory (Varoudis et al., 2013). The concept 
of centrality was already used in the field of structural sociology, in which the nodes were persons and 
the arcs the relationships between them. Porta et al. (2006) referred to the works of Freeman (1977; 
1979), which, in turn, included the prior research of the 1950s on this matter, as the central axis of a 
definition of an initial set of indices: degree centrality, closeness centrality and betweenness centrality. 
For its application to the built environment, other measures were added such as reach, gravity or 
                                                                
9 The main software package is Depthmap, which was developed by Space Group at the Bartlett, UCL. Depthmap has been open-
source since 2011 and a review of this package, named DepthmapX, was launched in 2012. 
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straightness (Porta et al., 2009; Sevtsuk & Mekonnen, 2012). In contrast with the Space Syntax approach, 
the use of these measures which take as their reference the definitions of structural sociology is the 
application of the so-called primal approach. It involves taking the streets as arcs and the intersections 
as nodes of the graph, in contrast with the dual approach used by the Space Syntax theories, which take 
the intervisibility lines or segments as nodes and the intersections as arcs.  
Below we give a description of these measures in order to understand their scope, and also their 
relationship with Space Syntax theories. The formal definition and the presentation of the mathematical 
expressions are set out in detail in the chapter on methodology, since some of these indices will be used 
in the course of the dissertation.  
Reach describes the number of nodes which can be reached from one particular node for a particular 
path distance on the network, which we call a radius. 
The Gravity Index, introduced by Hansen (1959) and widely used in the world of transport, is based on 
the intuition that the centrality of a node is inversely proportional to the minimum path to all the others 
considering a particular radius.  
The intermediation, betweenness (Freeman, 1977), of a node estimates the number of times this node 
is found in the path covered between the other pairs of nodes for a particular radius. This index is 
equivalent to that named Choice in Space Syntax terminology.  
The measurement of proximity of a node, closeness, as the inverse of the total distance from it to all the 
others which can be reached for a particular radius of action. As Porta et al. (2006) has said, this index is 
equivalent to the concept of Integration in Space Syntax terminology: “As such, integration turns out to 
be nothing other than a normalised closeness centrality (Jiang and Claramunt, 2004a), the above-
mentioned closeness index defined in the early 1950s by structural sociologists and reviewed by 
Freeman in the late 1970s” (p. 710-711). 
There still remains the measurement of straightness, which states, for a particular node, to what extent 
the distances on the network from this node to the others which are reachable for a particular radius 
differs from the Euclidian distance. 
These lines are also used to present the instrument named Urban Network Analysis Toolbox, developed 
at the City Form Lab (Sevtsuk & Mekonnen, 2012). This is a toolbox for ArcGIS 10.2 which makes it 
possible to calculate and visualise the centrality measures of Reach, Gravity Index, Betweenness, 
Closeness and Straightness. The principal novelty lies in the fact of being able to calculate these values 
for any set of elements regardless of the network considered. These elements are assigned to the closest 
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arc of the road network and become origins and destinations of the calculations, to finish by storing the 
values of each centrality measurement. In addition, it is permitted to assign weights, for whatever reason 
the user may consider, to each of these elements. Sevtusk and Mekonnen (2012) suggests using buildings 
and their attributes. In this way, aspects such as the size of the buildings, the uses, the number of 
residents, the workplaces, the height and any other attribute considered appropriate can have a weight 
in the measures obtained. Figure 2.13 (Svetusk & Mekonnen, 2012, p. 297) shows the application of the 
measurement of betweenness centrality using buildings. It should be said that the establishment of these 
weights has also been proposed by other authors, such as Karimi et al. (2013), who have considered 
weighting the importance of the origins and destinations in the betweenness centrality measurement. 
Similarly to Space Syntax methodology, a radius of influence is considered in which the measures are 
taken, which acts as a cut-off distance. Finally, it must be pointed out that with this instrument the 
impedance associated with the network for making distance calculations can acquire the modalities of 
metric distance, topological distance (turns, etc), and time distance.  
 
Figure 2.13. Betweenness for a radius of 600 metres, weighted by the volume of construction in Cambridge and Somerville. (Source: 
Sevtsuk & Mekonnen, 2012). 
Independently of the interpretation made of the spatial configuration cycle, patterns of mobility and 
location of activities, emphasis must be placed on the potential of centrality measures for visualising 
proximity territories. The spatial and topological configuration of the intermediate road network may 
demonstrate supramunicipal urban structures. The possibility of applying radiuses of influence for 
centrality calculations, which correspond to the scope of the various modes of transport to be permitted, 
potentially illuminates the different scales of the intermediate urban mosaic. 
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2.6. Towards a morphotopological reading of the intermediate urban mosaic as an instrument for its 
retrofitting 
In the previous sections we have defined an intermediate urban mosaic, a kind of city-landscape, in which 
certain arrangements of the fragments attain a certain critical mass to be assigned names as road-
market. The city of “urban things,” the physical city, has been seen to be an archipelago in the landscape-
city. The social city of interactions has shown itself to be a complex of relational logics.  
We have demonstrated the need for a certain retrofitting of the intermediate urban mosaic, towards a 
more sustainable model for these territories, which of necessity entails its recognition and intentional 
evaluation. As Talen (2011) has said “The goal of sprawl retrofit is not to force sustainable urban form, 
but to look for sustainable urban potential and strengthen it wherever feasible. In a city dominated by 
sprawl, this can be legitimately cast as a way of providing more choice” (p. 975).  It is more a matter of 
demonstrating and, if applicable, stimulating its endogenic potential, to establish, at least, priorities of 
strategic action.  
Various instruments for an interpretation of this complex reality have been analysed. In this way, we 
have described the internal forces of this crystallisation which a morphological and topological approach 
of the spatial configuration and of the relationship between the fragments seems capable of modelling. 
Below we aim to identify those factors which would unavoidably enter into the equation of a quantified 
approach for visualising and retrofitting the intermediate urban mosaic from a perspective of its spatial 
and functional configuration. Although all the ingredients have been expounded by means of the four 
readings which have been proposed of the urban environment which concerns us here, we wish to 
present below some additional methodological approaches which have transversally combined various 
key factors. Although the identification of factors which contribute to a greater or lesser extent to the 
sustainability of the city is often analysed in scientific production, the propositions of concrete 
methodologies for their evaluation are more scarce. 
Especially interesting is the contribution made by Talen (2011) to the literature regarding the concept of 
“sprawl retrofit” which has been mentioned in the section on evidence of the need for a retrofitting of 
the intermediate urban mosaic. The analysis is limited to the context of the USA, although the author of 
this dissertation considers that the concepts it develops are perfectly transferrable to the European 
context, including the arc of the north-western Mediterranean. Phoenix, Arizona is used as a case study 
to exemplify how the potential retrofitting of the unsustainable places would be evaluated. The 
measures proposed by Talen are more of a morphological nature, setting aside the strictly environmental 
questions and of design of constructions and their implantation. The essential components of this 
evaluation will be accessibility, connectivity, density, diversity and nodality. Accessibility must be 
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understood as a broad approach to the concept which encompasses the evaluation of the distances 
between residents, their workplaces and the services they require. Talen places emphasis on accessibility 
on foot as a key factor for an evaluation of the built environments which will take into consideration 
people’s health and the impact on the environment. Connectivity must be understood as the degree to 
which the built environment offers points of connection to persons and resources for a variety of scales 
and purposes. Density necessarily appears as a key factor in the equation of sustainability, at least from 
the environmental and economic points of view. Diversity is presented as another dimension of the 
sustainable urban form, especially the diversity of land uses. What is considered here is the possibility of 
social interchange, accessibility of a range of services and amenities of proximity. Socially diverse 
settlements are essential for a greater extension of quality of life and social fairness. Finally, nodality is 
defined in relation with the concept of polycentricity and multinuclearity of the city artefact: “Whereas 
sprawl tends to be spread across the landscape uniformly, sustainable urban form has a discernible 
hierarchy from regional growth nodes to neighbourhood centres or even block-level public spaces. At 
the largest scale, centres may be conceived as regionally interconnected ‘urban cores,’ with higher 
intensity growth converging at transportation corridors” (Talen, 2011, p. 956), returning to the matter 
already mentioned of territorial functional units. Talen (2011) then proposes different places as possible 
nodes of articulation, which he classifies into four different categories: (1) existing “cores” which would 
be bearers of identity and would register a certain mixicity of uses, (2) light rail stations, (3) parking lots 
and (4) malls and strip malls. Then the other four proposed measures are calculated on the territory: 
density, on the basis of the population per unit of surface area; accessibility, as the distance between 
residential and retail plots; connectivity, on the basis of the centrelines and intersections per area; and 
diversity, by means of Simpson’s diversity index for residential typologies. This method shows the 
potential of transformation for a more sustainable model displayed by each of the chosen nodes and 
permits the possibility of prioritising concrete strategic actions.  
Another pertinent approach in this respect, not so much for its purpose as for its methodology, is the 
work by Ye and Van Nes (2013) on the measures of urban maturation processes10. The starting point in 
this case consists of the components of the urban form proposed by Conzen (1960) which Ye and Van 
Nes (2013) classify into: “(1) the street system, (2) the building system (the plot and the buildings located 
on it), and (3) the land use pattern.” It is proposed to use Space Syntax methods to characterise the 
supporting road network, the “spacematrix” proposed by Berghauser-Pont and Haupt (2005) for the 
                                                                
10 “Urban maturation processes are about how an urban area becomes balanced or complete over time.” (Ye and Van Nes, 2013, 
p. 19) 
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density and relationships between plot and building, and the Mixed Use Index (MXI) developed by Van 
den Hoek (2009) to measure various degrees of multifunctionality of land uses. This approach combines 
the three measures for characterising the urban environment and establishing the degrees of maturation 
of the fabrics in each point. Leaving aside the details of each of the methodologies used and the 
sophistications of their standardisation for combining them, what is of interest is to highlight the 
identification of the essential factors which it is considered have to provide information on the nature of 
the spatial and functional configuration of the urban environment from a quantified perspective: the 
topology of the supporting road infrastructure, the density and typological characteristics of the 
settlements and the degree of mixicity of the concurrent uses. Figure 2.14 shows this type of approaches 
with contributions by Talen (2011) and Ye and Van Nes (2013). 
      
(a)         (b) 
Figure 2.14. Morphotopological approaches: (a) identification of “Nodes of potential, together with areas that scored highest on 
four measures of sustainable urban form - central Phoenix” (Source: Talen, 2011) and (b) integration of centrality measures, density 
and diversity of the built environment (Source: Ye and Van Nes, 2013). 
In another respect, Cervero and Kockelman (1997) examined the connection of the “3Ds” of the built 
environment - density, diversity and design - with travel demand. The goals sought here were: (1) to 
reduce the number of motorised trips, (2) to increase the percentage of non-motorised trips among the 
total made, (3) to reduce the distances and increase the occupancy of vehicles in motorised trips. In this 
case, it is a question of demonstrating the influence of these three factors on mobility patterns and 
consequently on the sustainability of the urban environment.  
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These examples, far from representing an exhaustive exposition, aim to be indicative, at least, of a 
recurrence in the identification of certain factors which have effects already observed on the 
sustainability of the city artefact from a perspective of its quantified spatial configuration. This opens the 
doors to the development of the new methodologies of a morphotopological nature for characterising 
and retrofitting the intermediate urban mosaic, with the unavoidable intervention of the density, 
diversity and topological structure of the intermediate road network.  
Although this study centres its efforts on developing spatial analysis methods which will permit an 
objective diagnosis of the intermediate urban mosaic, it will not refrain from proposing the possible 
intervention strategies which stem from it. In this respect, the author wishes to declare that at no time 
will this study leave aside the craftsmanship proper to the disciplines to which he owes a debt. Here, 
craftsmanship must be understood as “doing a job properly” in the sense expressed by Sennett (2008), 
pointing out that when we distinguish practice from theory, what suffers is the intellectual part. In the 
same way, as Schmitt (2015) has said, from the perspective of an approach to data-driven decision-
making, as is the case of the spatial analysis methods considered in this study, it is not a question of 
excluding the importance of intuition, constructed on the basis of years and realities. On the contrary, 
the possibility of making a prior information-based diagnosis facilitates the subsequent craftsmanlike 
action. Consequently, those aspects which have been identified on the basis of the drafting of this 
Chapter 2, which are not directly related with spatial analysis methods, enter into the play of well-
founded “intuition,” of the unavoidable craftsmanship which lies behind decisions even though they are 
information-based. In our case, the city-landscape will become the stage on which the intermediate 
urban mosaic takes form, contributing its shaped form as a consequence of the natural processes. The 
built environment will spread its “urban things” across the table of the city like a still-life, as De Solà-
Morales (2008) has said. The urban things will display their material attributes and their relative position, 
along with their aptness, on being recycled, to be absorbed into new urban realities, more structured 
and endowed with urbanity. The road network of access to and support of the activity will be proposed 
as the key element for the analytical comprehension and subsequent retrofitting of the intermediate 
urban mosaic. 
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3. Research statement  
Contemporary cities are an extended reality of compact nodes and dispersed urban matter, a landscape 
of voids and fills, an archipelago of origins and destinations of our daily trips. 
We make daily trips beyond the official urban agglomerations to perform our human activities. Thus, we 
perceive, at least within the north-western Mediterranean region, a discontinuous mosaic, unforeseen 
and familiar to us at the same time, which is closer to a landscape than to a city fabric. 
Within this city-landscape we are able to recognize our physical interventions, such as buildings and 
infrastructures. However, we soon realize that we are not facing a still-life. Activity and interaction have 
a very strong presence, as we are, indeed, situated on the road network. 
The succession of events is dizzying and very often reaches quasi-urban intensities. The basic 
transportation functions are overtaken by social interaction. 
The manifold condition of some of these structures leads to functional, interpretative and identity 
conflicts. Firstly, the road network’s dual function of channel and access within the dispersed urban 
mosaic generates multi-scale proximity logics – it is not unusual to see a truck and a pedestrian sharing 
space. Secondly, urban activity location appears to follow self-organised patterns, and it becomes 
difficult to establish a set of criteria relevant to its organisation. Finally, even though the city of fragments 
houses urban functions, the interaction spaces lack an acceptable structure and urbanity. 
As we have observed through the four readings proposed in Chapter 2, “towards an intermediate urban 
mosaic,” various disciplinary fields have dealt with the characterisation and interpretation of these urban 
realities, which we have named the intermediate urban mosaic. This research inclines, however, towards 
a quantitative approach by means of GIS-based spatial analysis methods. In this respect, a second 
restriction is proposed which consists in limiting the analysis to the spatial and topological configuration 
of urban systems, from a perspective which we have called morphotopological. It is a question of 
analysing the relational realities of the urban environment, studying only the data associated with the 
physical elements which support interaction. This perspective therefore leaves aside an approach from 
the mobile point of view of persons, vehicles or other flows, to focus its attention on the immobile 
elements and their quantifiable attributes. The research claim, therefore, is based on the need to 
develop a set of morphotopological tools which can operate efficiently in the intermediate urban mosaic. 
On the basis of this premiss and background, the problem statement, research questions and research 
aims are established. 
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3.1. Problem statement and hypothesis 
At this point, some specific questions emerge as starting positions for conducting the present study. We 
ask ourselves if those invisible multi-scale logics of interaction are detectable and quantifiable. We 
conjecture that there is a way to legitimise, or at least recycle, those juxtaposed sets of quasi-cities within 
the intermediate urban landscape. We also ask whether structure and urbanity can be provided to those 
hidden and sedimentary structures to prevent them from remaining in the realm of unsustainable form 
and anomie. Therefore, we ask ourselves if the relational dimension allows for a taming of the road 
network.  
The next step would be to formulate a research hypothesis:  
The urban intermediate mosaic, characterised by activity and flow dispersion, can restructure 
its morphology and its internal interaction logics by conferring structure and urbanity by means 
of a retrofitting based on its road network’s spatial configuration. 
The incipient diffused city episodes should have a detectable structure. The relational patterns 
between the fragments could be quantified at their different scales. A set of dualities 
“fragments-road network” could be highlighted showing different levels of quasi-urban 
interaction, corresponding to the various mobility modes. The moment the relational city of 
fragments and infrastructural matter becomes visible, a set of strategic criteria for effective 
planning and design could be developed.  
3.2. Research aims 
Following the establishment of the scene definition and the research hypothesis, some research 
objectives could be formulated. Firstly, a main objective is described as follows: 
Developing a set of spatial analysis tools for the identification and characterisation of quasi-
urban structures served by the road network, aimed at establishing criteria for retrofitting the 
intermediate urban mosaic. 
Three additional specific objectives are considered to refine the above main objective: 
The characterisation of the road network as a central element in relation to the diverse and 
spread activities being served within the Intermediate Urban Mosaic. 
The quantified identification of quasi-urban structures as “road network-activities” binomials, 
forming a critical mass of potential social interaction and an incipient urban condition. 
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The definition of a set of strategic criteria which would enhance a retrofitting of the 
intermediate urban mosaic, both in terms of planning and design, somehow compatible with 
the cultural, ecological and scenic values. 
The Vallès Oriental district in Catalonia (Spain), which forms part of the Barcelona Metropolitan Region, 
has been chosen as a case study to illustrate the expected outputs and potentialities of the present 
approach. 
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4. Data and Methods 
This chapter presents the data which will be used for the relational characterisation of the intermediate 
urban mosaic, along with the methods of visualising its potential for structuring supramunicipal urban 
realities of proximity. 
The principal goal in designing the architecture of the analytical methods, beyond the pertinence of their 
reason for being and the relevance of the results obtained, is their immediate transferability to any 
territory. In this respect, the type of data which it is proposed to use is generally available everywhere.  
The methods proposed are developed to be used within the environment of Geographical Information 
Systems (GIS).  
4.1. Data and Case Study 
The data used for the application of the spatial analysis methods proposed in this chapter are: (1) the 
land covers and (2) the road network graph. The following sections set out in minute detail the 
characteristics of these data. 
The case study on which it is proposed to work is the Vallès Oriental district, located within the Barcelona 
Metropolitan Region. The reason for this choice lies basically in two decisive factors, which occur 
simultaneously in the chosen territory: (1) the establishment of a sufficiently extensive territorial scope 
to include a sufficiently wide range of relationships of proximity, and (2) the guarantee that there also 
exists a diversity of intermediate territories with dissimilar degrees of consolidation, nodal capacity, 
urban structure and connection with open spaces. 
The first requirement is fulfilled by the choice of the district as the unit of study, given the high levels of 
self-containment registered there. There are multiple studies which gather and analyse these values 
obtained in the mobility surveys (see, e.g., Miralles, 2008). In the case of the Vallès Oriental district, this 
factor reaches the value of 80.8% according to the findings of the Daily Mobility Survey of Catalonia 
(Autoritat del Transport Metropolità, 2006). 
The second requirement is justified in view of the proposals which the aforesaid PTMB introduces in 
reference to this territory with regard to the system of open spaces, the system of settlements and the 
mobility infrastructures. This territorial scope partially includes the plain of the Vallès, which lies between 
the Littoral and Prelittoral hill ranges of the Catalan territory. The presence of certain transversal fluvial 
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corridors has conditioned the crystallisation of the present-day settlement structures, in the form of 
urban continua, oriented north-south. With regard to the system of open spaces, the following are 
proposed: (1) the definition of a continuous system of special protection spaces for their natural and 
agricultural interest which will be located between the urban axes, linking the Prelittoral and Littoral 
ranges (Carreres, 2012, p. 45) and (2) another corridor space longitudinal to the plain with the same level 
of protection, in order to guarantee the separation between the urban continua of the urban axes and 
the population centres of the foothills of the Prelittoral range (Carreres, 2012, p. 45). This manifests the 
need to activate the system of open spaces in a territory in which the presence of urban continua is a 
characteristic feature. With regard to the system of settlements, leaving aside the needs of consolidation 
and improvement of the existing urban centres, the following are detected: (1) intermunicipal urban 
continua with different degrees of consolidation to be completed and, in certain cases, conferred a nodal 
character, and (2) the presence of more scattered and specialised continua, which often require 
elements of centrality and urban structure in order to fit into the metropolitan multinodal network. The 
proposed transport infrastructures focus on strengthening the urban structure of settlements by 
increasing rail access to the central parts of the urban systems of the Vallès plain and proposing a new 
alternative road network to lighten the through traffic (Carreres, 2012). All of the above displays the 
complexity and diversity of situations offered by the Vallès Oriental district as a case study. 
4.1.1. Land Covers 
In order to characterise the intermediate urban mosaic, the reference taken is the information of the 
land covers, which makes it possible to capture the spread of uses and the occupancy of the land from 
the spatial, economic and ecological perspectives at the same time. The land covers are those continuous 
regions of territory with a set of attributes which are proper to them.  
The habitual procedure for processing this information is photointerpretation and on-screen digitisation, 
on the basis of orthophotos and other complementary supports. 
At the European level, the project of reference is the one entitled CORINE Land Cover11 (CLC), which has 
been implemented in the majority of European countries. The photointerpretation of this base is carried 
                                                                
11 “Following the setting up of the European Environment Agency (EEA) and the establishment of the European Environment 
Information and Observation Network (EIONET), the responsibilities of the CORINE databases - including the updates - rely on the 
EEA. CLC is the largest of CORINE databases, providing information on the physical characteristics of the earth surface. Images 
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out at the scale of 1:100,000, for minimum units of 25 hectares, and the result is a product with a legend 
of 44 categories. In the case in hand, we use the “Map of Land Covers of Catalonia” (MCSC) drawn up by 
the CREAF12, which interprets minimum capture surfaces of 500 m2, in a database with 251 categories 
for its version named MCSC-3 13 . The reason for choosing the MCSC is its greater precision and 
consideration of a larger number of categories. However, we wish to make it clear that the methods 
utilised in this dissertation are perfectly compatible with any base of land covers. 
The proposed data processing method consists in making an initial grouping into two main categories 
which, in turn, generate two sub-categories which are composed of their covers and/or groups. The four 
proposed sub-categories are: residential and mixed residential urban system (USrrm), specialised urban 
system (USs), productive natural system (NSp) and natural non-productive system (NSnp). In parallel, 
codes are established which group together those covers which are considered to have similar 
characteristics for a characterisation of the intermediate urban mosaic oriented to its retrofitting and 
planning. Table 4.1 shows, in summarised form, the said categories, along with the proposed groupings 
of covers. 
This classification produces the maps of land covers which will serve as the basis for the application of 
the proposed methods of characterisation of the intermediate urban mosaic. Taking as the starting point 
the raster-format file of the MCSC, a reclassification is made of the 251 types of cover, using the tool 
ArcGis 10.2.1 > Reclassify (Spatial Analyst). This procedure is repeated, obtaining a raster output for each 
of the proposed codes, which are visualised in grouped form for each of the said sub-categories, as can 





                                                                
acquired by earth observation satellites are used as the main source data to derive land cover information.” (European 
Environment Agency, 2007) 
12 The Ecological Research and Forestry Applications Centre (CREAF) is an independent public research centre which performs its 
activity in the sphere of terrestrial ecology. The Autonomous University of Barcelona forms part of its board of trustees. 
13 MCSC-3 is the third edition of the Map of Land Covers of Catalonia, produced by the CREAF and funded by the Government of 
Catalonia.  
Taming the Road | Josep Mercadé Aloy | 89 
 
 
Table 4.1. Grouping of land covers (Source: Data from the Ecological Research and Forestry Applications Centre, 2012). 
 
SYSTEMS CODES COVERS CODE DESCRIPTION MCSC-3
USrrm 1 Urbà Mixt 101 180_Urban centre
Residential urban 102 181_Enlargement
mixed residential 103 182_Single-family houses
104 179_Residential estates
104 183_Colonies and isolated nuclei
104 184_Detached houses
USs 2 Industrial 201 185_Regulated Industrial estates
Specialised urban 201 186_Industrial estates
201 187_Isolated Industries
3 Commercial and office c. 301 189_Commercial and office complexes







5 Tertiary Leisure 501 190_Hotel complexes
502 210_Recreational parks
503 211_Campsites





NSp 7 Primary 701 192_Agricultural buildings
Productive natural 701 193_Farms
701 188_Sawmills
702 175_Fish farms
702 176_Fish farms and sea crops
703 227_Mining zones
10 Rain-fed agriculture 1001 116_Citrics




1001 124_Other herbaceous crops
1001 126_Cereal meadows
1001 128_Agricultural clearings
1001 131_Citrics on terraces
1001 132_Non-citric fruit trees on terraces
1001 134_Vineyards on terraces
1001 135_Olive groves on terraces
1001 137_Carob groves on terraces
1001 138_Other herbaceous crops on terraces
1001 140_Cereal meadows on terraces
11 Irrigated agriculture 1101 118_Irrigated non-citric fruit trees
1101 121_Irrigated olive groves
1101 123_Rice fields
1101 125_Irrigated other herbaceous crops
1101 129_Grennhouses
1101 130_Market garden crops under plastic
1101 133_Irrigated non-citric fruit trees
1101 134_Vinyes on terraces
1101 139_Irrigated other herbaceous crops on terraces
1101 172_Greenhouses on terraces
1101 173_Family vegetable garden
1102 174_Residential agricultural settlement
NSnp 8 Mineral 801 102_Sea cliffs
Non-productive 801 103_Rocky areas
natural 801 104_Scree zones
801 105_Natural watercourses
801 106_New soil in firebreaks
801 107_Soil eroded by natural agent
801 108_Soil eroded by human action
9 Shrubland, meadows 901 86_Shrubland
& grasslands 901 87_Shrubland in firebreaks
901 88_Shrubland originating from fellings
901 89_Shrubland in riverside formations
901 93-98-Diverse meadows and grasslands 
901 99_Vegetació arbustiva de dunes i sorrals
901 100_Shrub vegetation of dunes and sandbanks
901 101_Burnt zones
901 141-171_Diverse abandoned crops
12 Wetlands 1201 90_Vegetation of coastal marshes
1201 91_Vegetation of continental marshes
1201 92_High mountain wetlands
1201 228_Salt pans
13 Water bodies 1301 110_Glaciers and snowdrifts





14 Riverside vegetation 1401 64_Riverbank deciduous woods
1401 65_Riverbank evergreen woods
15 Woodlands 1501 1-63_woodlands diverse
1502 66-79_Plantations diverse
1503 80-85_Regeneration diverse
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Figure 4.1. Land covers of the residential urban and mixed residential systems (USrrm) in the Vallès Oriental. 
 
Figure 4.2. Land covers of the specialised urban system (USs) in the Vallès Oriental. 
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Figure 4.3. Land covers of the productive natural system (NSp) in the Vallès Oriental. 
 
Figure 4.4. Land covers of the non-productive natural system (NSnp) in the Vallès Oriental. 
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Figure 4.5. Land covers of the residential and mixed residential urban system and specialised urban system (USrrm+USs) in the 
Vallès Oriental. 
Figure 4.6. Land covers of the productive natural system and non-productive natural system (NSp+NSnp) in the Vallès Oriental.  
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Figure 4.7. Paved road network of the Vallès Oriental. 
 
Figure 4.8. Unpaved road network of the Vallès Oriental. 
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4.1.2. The intermediate road network 
To characterise the road network, the topographic base 1:50,000 is used, in the format “AutoCAD 
Drawing Exchange File” (DXF), drawn up by the Cartographic and Geological Institute of Catalonia14 
(ICGC), representing the road network by means of the axes of the network segments. The information 
is organised into layers which codify a combination of values of the set of available attributes, the most 
relevant being: (1) paved or unpaved road surface, (2) type of road, (3) number of roadways, (4) 
constructed or planned, (5) covered or open-air section. With regard to the roadway hierarchy, it 
includes segregated roadways, main and conventional roads, non-catalogued paved roads which 
generally correspond to streets, other roadways integrated into the urban centre, unpaved ways in the 
form of tracks and unpaved ways in the form of paths and tracks. The only ways that are discarded are 
those which are segregated. This attribute implies having lost the façade conditions, in the sense of 
having limited access to adjacent properties due to the presence of accesses and the links being at a 
different level. 
This information serves to draw up the graphs which are used in the relational characterisation methods 
which will be proposed. Figures 4.7 and 4.8 show the paved and unpaved road networks, respectively.  
4.2. Methods 
Below we present the methods used to characterise the intermediate urban mosaic on the basis of the 
data of the land covers and the non-segregated road network.  
The first set of methods is based on the consideration of spheres of influence of the non-segregated 
road network. Two new complementary methodologies are developed, which we will call Downstream 
Visualisation and Upstream Visualisation. In both cases, it is necessary to take the prior step of loading 
the information of the land covers onto the road network, as described in this section. In the first case, 
the aim is to display the hinterland of the road, which will be represented by means of catchment areas 
of the intermediate urban mosaic by reason of their accessibility. In the second case, the aim is to display 
the characteristics of the immediate surroundings of a particular arc of the road network graph.  
                                                                
14 The Cartographic and Geological Institute of Catalonia (ICGC) is a public corporation with functions related to the exercise of 
competences on geodesy and cartography and on infrastructure of spatial data of Catalonia. 
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The second set of methods focuses on centrality measures. In this case these are not our own methods 
but the adaptation of this set of measures to be applied in a complementary manner to the “in-house” 
methods. 
Finally, two indicators are described which will be applied for characterising the results obtained with 
the downstream and upstream visualisation methods.  
4.2.1. Voronoi-based land-use micro-catchment areas: downstream and upstream visualisation 
The intermediate road network becomes the basic structure of access to the plots in which activity takes 
place. The idea is to “load” the information of the land uses onto the road network, as a first step for 
developing the Downstream and Upstream Visualisation methods proposed below. Ideally, the land 
registry information could be used, assigning each plot to the network arc which permits access to it. 
However, this approach is discarded for various reasons: (1) the goal of the spatial analysis proposed lies 
in the possibility of establishing relative and approximate differences between the arcs of the road 
network and not in having the exact quantity of each land cover accessible from each arc, (2) we also 
want to include the non-productive and productive natural land covers which do not have, at least in the 
case of Spain, up-to-date land registry descriptions, and (3) we want to avoid an excessive computation 
cost in order to permit a reasonable evaluation of alternative scenarios and/or the transferability of the 
method to other territories in a simplified manner. 
It is proposed to construct regions similar to the so-called Voronoi (1908) tessellations, also called 
Thiessen polygons after the American meteorologist Alfred H. Thiessen (Croley & Hartmann, 2010), to 
proceed to “load” the land uses onto the road network. In the case of the separation into Voronoi 
regions, it is a question of dividing the space into a set of regions. On the basis of the definition of a set 
of points, a region is constructed for each of these points, containing all the points of the space which 
are closer to this point than to any of the others of the initial set (Voronoi diagram, Wikipedia). The 
formal definition of the Voronoi region 𝑅𝑘  associated with a non-empty collection 𝑃𝑘  (subset) of a space 
𝑋 in which a distance 𝑑 is defined would be: 
Equation 1:  𝑅𝑘 =  {𝑥 ∈ 𝑋|𝑑(𝑥, 𝑃𝑘) ≤ 𝑑(𝑥, 𝑃𝑗) ∀ 𝑗 ≠ 𝑘} 
In the case in hand, we start from a set of segments which correspond to the arc of the road network. 
The aim is to divide the space into regions which will correspond univocally to each segment, in such a 
way that they contain all the points of the space which are closer to this segment than to any 
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(a)                                                                (b)                                                                         
Figure 4.9. Voronoi-based road network micro-catchment areas: (a) road network and catchment polygons, (b) catchment polygons 
and land covers. 
other. In the first place, the ArcGis 10.2.1 > Cost Allocation tool is used with the segments of the 
intermediate road network and a surface of uniform cost as an input cost raster. The result is a raster 
image in which each cell takes as its value the identity of the nearest arc of the road network. The 
algorithm implemented uses the node/link representation in which each cell centre is considered a node 
and each node is connected to its adjacent nodes by means of multiple arcs. Each union can store an 
impedance which derives from the said input cost raster. Obtaining the lowest accumulated cost 
associated with each cell, which in this case is the distance to the nearest arc of the road network, allows 
each cell to be assigned to the nearest network segment and to store this destination. The result is the 
division of the territory into contiguous polygonal regions in the form of a mosaic. Figure 4.9 shows the 
construction of the capture polygons of the land covers associated with each arc of the road network 
graph. 
Subsequently we proceed to capture the surface area of each land cover located in each region 
associated with each arc of the intermediate road network. This operation is carried out by means of the 
ArcGis 10.2.1 > Zonal Statistics tool. This makes it possible to visualise on the road network the desired 
quantity of surface area of land cover with the customary representation techniques, such as graduated 
symbols. Figure 4.10 expresses the load of the surface areas of the land covers on the road network. 
The limitations of this approach are quite clear. It is obvious that the property plots have various shapes 
and that their grouping, due to being accessible from a particular arc of the road network, does not 
coincide with the proposed capture polygons. However, the construction of the regions based on 
Voronoi tessellations includes all the intervening surface areas of the land. In any case, this method 
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expresses the territory which is accessible and/or potentially accessible from the intermediate road 
network even if it does not correspond exactly with the structure of property. It must be borne in mind 
that the road network tends towards a certain permanence in time (Ye and Van Nes, 2013), and in 
contrast the structure and exploitation of property can have greater variability. 
          
(a)                                                               (b)                                                                        
Figure 4.10. The data of land covers loaded onto the road network: (a) residential and mixed residential urban system and 
specialised urban system and (b) productive natural system and non-productive natural system. 
Downstream visualisation based on land-use catchment areas  
The set of geoprocesses described for the “Voronoi-based land-use micro-catchment areas” method is 
the starting point of downstream visualisation. It is proposed to identify two unconnected but 
complementary subsets on the basis of the set of all the arcs of the non-segregated road network 
described above. The first subset, which we call “principal network,” contains all the catalogued roads. 
The second subset, named “secondary network,” contains the rest of the arcs of the road network. 
Then it is proposed to establish territorial catchment areas which encompass all the micro-catchment 
areas of the secondary network which are closer to an arc of the principal network than to any other, 
measuring the metric distance on the network. The non-segregated road network is considered as a 
graph 𝐺 , with the unconnected subsets 𝐺1  and 𝐺2 representing the principal and secondary road 
networks, respectively, taking as nodes the mid-points of the network segment (see the concept of dual 
approach described in section 4.2.4). This defines the value 𝐷𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖 ∈ 𝐺1]: 
Equation 1:  𝐷𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖 ∈ 𝐺1] =  𝑊[𝑖 ∈ 𝐺1]  + ∑ 𝑊[𝑗 ∈ 𝐺2]
𝑗∈𝐺2∶ 𝑑[𝑖,𝑗]<𝑑[𝑘,𝑗] ∀ 𝑘≠𝑖
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with 𝑟  representing a maximum radius of influence from the principal network, 𝑊  the weight 
corresponding to the attribute to be considered for each node, and 𝑑[𝑖, 𝑗]  the minimum distance 
between the nodes 𝑖 and 𝑗 measured on the network. In another respect, we will call “depth lines” the 
straight lines which univocally represent the assignation of each arc 𝑖 ∈ 𝐺2  of the secondary network 
with an arc 𝑗 ∈ 𝐺1  belonging to the principal network. The depth lines store the distance value 
𝑑[𝑖, 𝑗] calculated on the entire road network. Figure 4.11 shows the assignation of the arcs of the 
secondary network to the principal network by means of the depth lines. 
          
(a)                                                               (b)                                                                          
Figure 4.11. Assignation of arcs of the secondary network to the arcs of the principal network: (a) principal and secondary road 
networks with the mid-points of each arc, (b) depth-lines of assignation. 
This calculation is carried out using the Network Analyst module of the ArcGis 10.2.1 software. Each arc 
of the road network is converted into a point which corresponds to the mid-point of each segment, and 
they are separated with the two aforementioned unconnected subsets according to whether they 
belong to the principal or the secondary network. The ArcGis 10.2.1 > Location-Allocation tool is then 
used, taking the N points of the principal network as candidates and the M points of the secondary 
network as origins of the minimum paths towards the former. If the process is restricted to a single 
candidate, that is, the closest in distance on the network, the desired catchment areas are obtained, as 
is shown in Figures 4.12 and 4.13.  
The purpose of this methodology is to represent the quantities of any attribute associated with the road 
network segments which are dependent on a chosen support network. It is expected, in this way, to load 
all the information of the land covers associated with each arc of the downstream network, that is to 
say, onto the principal network which supports it. 
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Figure 4.12. Principal road network and depth lines obtained with the downstream visualisation method.  
Figure 4.13. Principal road network and catchment areas of the secondary network assigned to different arcs of the principal 
network by means of the downstream visualisation method. 
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Upstream visualisation based on land-use catchment areas 
Similarly to the previous method, the set of geoprocesses described for the “Voronoi-based land-use 
micro-catchment areas” method is the starting point of the proposed upstream visualisation. In this case, 
the proposal is for each arc of the road network to appropriate the data of the land covers associated 
with the arcs located at a certain proximity to it. Formally, it is a question of calculating, for each arc, its 
associated shortest path tree 15 , for a metric radius measured on the network, accumulating the 
quantities of a particular attribute associated with each of the arcs which it reaches. On the basis of the 
non-segregated road network, a graph 𝐺  is constructed in which the mid-point of each segment is 
converted into a node (see the concept of dual approach described in section 4.2.4). The 𝑈𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖] 
value of a node 𝑖 in a graph 𝐺, for a radius 𝑟 describes the sum of the weights 𝑊 associated with the 
node itself and with each of the other nodes which can be reached from  𝑖 by means of the minimum 
path of a maximum distance 𝑟: 
Equation 2:  
𝑈𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑊




To carry out this task, we use the Urban Network Analysis Toolbox, which we will describe in more detail 
in the following section, which makes it possible to calculate the centrality measurement called “reach,” 
which coincides exactly with the second summant of equation 4. Subsequently, the two summants are 
added in the table associated with the nodes of the graph. The aim is to show the position value of an 
arc in the intermediate urban mosaic in terms of the territory of proximity which can be reached from 
it. 
                                                                
15 Given graph G, a shortest-path tree (SPT) rooted at node v is a spanning tree T of G, such that the path distance from v to any 
other vertex u in T is the shortest path (Cahn, 1998) 
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(a)                                                                (b)                                                                          
Figure 4.14. Mechanism of irradiation and appropriation of proximity by means of the upstream visualisation method: (a) road 
network with mid-points of each arc, and (b) definition of the scope of proximity of a generic segment. 
4.2.4. Centrality measures  
The origin and reason for being of the Space Syntax theories and the centrality measures deriving from 
structural sociology have been described in Chapter 2, in the context of a spatial-topological approach 
to the intermediate urban mosaic. It is proposed to carry out an adaptation of certain centrality measures 
as a complement to the downstream and upstream methods developed in this dissertation.  
As has been seen in Chapter 2, the Space Syntax instruments have moved towards contemplating a 
modelling of the roadway space on the basis of intervisibility lines or network segments, performing in 
the second case the role of nodes of a graph within the framework of an approach which has been 
termed dual. The measures of reference are choice and integration of all the segments with all the 
others, with different definitions of the distance parameter: minimum path (metric), minimum variation 
of angle (geometric), minimum number of turns (topology). In addition, we have described the existence 
of the so-called centrality measures originating in structural sociology: degree centrality, closeness 
centrality and betweenness centrality. Moreover, it has been seen how other complementary measures 
have completed this repertory: reach, gravity or straightness. In this case, the most common approach 
is the so-called primal approach in which the segments correspond to the arcs of the graph and the 
intersections to the nodes. Finally, the scientific production has revealed a certain equivalence between 
the measures of betweenness and choice, and between the measures of closeness and integration. 
In the development of the downstream and upstream visualisation methods described here, we have 
been obliged to opt for a dual approach, since we wanted to place the role of the road segment as a 
Taming the Road | Josep Mercadé Aloy | 102 
 
support and space of access to the activity above any other geometric consideration. In addition, since 
the development of centrality measures and/or their associated software is not in any case the purpose 
of this dissertation, the tools already developed in this respect have been taken into consideration. The 
fact that the bulk of this research work has been executed with the ArcGis 10.2.1 software has led the 
author to opt for the use of tools already developed for this environment, given the possibilities of 
relating the results obtained with other outputs. In this respect, Chapter 2 mentioned the Urban Network 
Analysis Toolbox instrument developed at the City Form Lab (Sevtsuk & Mekonnen, 2012). This toolbox 
for ArcGIS 10.2 permits the calculation of the centrality measures Reach, Gravity Index, Betweenness, 
Closeness and Straightness. These values can be calculated for any set of elements independently of the 
network considered. These elements are assigned to the nearest arc of the road network and are 
converted into origins and destinations of the calculations, incorporating the values of each centrality 
measurement as an attribute. Another sophistication offered by this approach is the possibility of 
assigning weights to each of these elements for whatever reason the user may consider appropriate. 
Additionally, the possibility must be mentioned of adding transportation costs such as metric distance, 
topological distance and time distance, along with search radius, expressed in whatever type of distance 
is of interest, which limits the computation of the centrality measures.  
In our case, the option taken has been to use the indicators Reach, Betweenness, Closeness and 
Straightness. In addition, it is necessary to adopt the dual approach in which the segments become nodes 
of the graph, given their condition of support of and access to the associated land covers by means of 
the “Voronoi-based land-use micro-catchment areas” approach. In this respect, a prior adaptation must 
be made which permits using the dual approach in the Urban Network Analysis Toolbox. The non-
segregated network is taken as a graph of reference and the mid-point of each segment is obtained by 
means of the tool ArcGIS 10.2 > Feature Vertices to Points. These points are used as origins and 
destinations of the calculations carried out, and subsequently the values obtained for each centrality 
measurement are returned to the segments of the road network. The calculations made with the said 
toolbox to obtain any of the mentioned centrality measures are: (1) Adjacency matrix between all input 
points, which represents neighbour relationships and distances between input points, (2) Graph from 
the adjacency matrix, (3) Weights are taken into account if specified (not in our case), (4) Centrality 
computation, (5) Results are registered and written to an output layer (Sevtsuk & Mekonnen, 2012). 
Below we set out the formal definition of each of the centrality measures taken into consideration in this 
dissertation, which have already been contextualised and described in Chapter 2. The formulations are 
presented with the notation used by Sevtsuk and Mekonen (2012)  including the weights which he 
proposes, which will always take the value 1, since in our case the only factor of interest is the geometry 
of the spatial configuration in order to ascertain its potential in the pure state. In addition, the “element” 
notation is used to describe an element of the set of objects which depend on the road network, of 
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which the aim is to determine their centrality value, which in our case will be the mid-point of each 
segment. 
Reach centrality 𝑅𝑒𝑎𝑐ℎ𝑟[𝑖]  of an element 𝑖 in a graph 𝐺, for a search radius 𝑟, is equal to the number 
of other nodes of G which can be reached from and by means of the minimum path of maximum distance 
𝑟 , with d[i, j] representing the minimum path distance between the nodes 𝑖  and 𝑗  of 𝐺 , and W[j] 
representing the weight of a destination element j.  
Equation 3:  




Betweenness centrality 𝐵𝑒𝑡𝑤𝑒𝑒𝑛𝑛𝑒𝑠𝑠𝑟[𝑖] of an element 𝑖 in a graph 𝐺 calculates the number of times 
when  𝑖  is located in the minimum path between pairs formed by two other elements, for a radius 𝑟 
measured on the network. Thus, 𝑛𝑗𝑘 represents the number of minimum paths between the element 𝑗 
and the element 𝑘 of 𝐺, and  𝑛𝑗𝑘[𝑖] is the subset of this minimum paths passing through the element 𝑖, 
with 𝑗 and 𝑘 in the radius on the network 𝑟 from 𝑖 , and 𝑊[𝑗] representing the weight of a particular 
destination 𝑗. The aim is to show the position value as a potential passing place of the relationships 
between the elements of the network. 
Equation 4:  







Closeness centrality 𝐶𝑙𝑜𝑠𝑒𝑛𝑒𝑠𝑠𝑟[𝑖] of an element 𝑖 in a graph 𝐺 is the inverse of the total distance from 
𝑖 to all the other elements 𝐺 which can be reached in a radius 𝑟 on minimum paths. The aim is to activate 
the notion of proximity of a particular element to all the others. 
 
Equation 5:  
𝐶𝑙𝑜𝑠𝑒𝑛𝑒𝑠𝑠𝑟[𝑖] =  
1
∑ (𝑑[𝑖, 𝑗] ∙ 𝑊[𝑗])𝑗∈𝐺−{𝑖};𝑑[𝑖,𝑗]≤𝑟
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Straightness centrality 𝑆𝑡𝑟𝑎𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠𝑟[𝑖] of an element 𝑖 in a graph 𝐺 evaluates the similarity existing 
between the distances of an element 𝑖  and the other elements of 𝐺 reachable in a radius 𝑟  on the 
network and the Euclidian distance. Thus, 𝛿[𝑖, 𝑗]  represents the Euclidian distance between the 
elements 𝑖 and  , 𝑑[𝑖, 𝑗] represents the distance on the minimum network path between the elements 𝑖 
and 𝑗, and W[j] represents the weight of a particular destination 𝑗.  
 
Equation 6:  







4.2.5. Complementary indicators 
Trip generation Indicator 
As has been said in section 2.6 of Chapter 2, density is a decisive factor in establishing a sufficient critical 
mass for configuring desirable intermediate urban systems in the mosaic of the city. The concept of 
density must be understood in a broad sense. The population, economic activity and other indicators 
can be classified according to their density in the space. 
In our case, we want to take as the only starting data the land covers and the non-segregated road 
network. The aim is to evaluate the road network segments in terms of the activity they support, once 
the downstream and upstream visualisation methods have been applied. The indicator to be proposed 
has to: (1) consider the contribution of all the land covers in a single indicator of quantity of activity, and 
(2) express absolute quantities instead of densities, since the operations carried out by means of the 
downstream and upstream visualisation methods involve, by definition, accumulation of surface areas.  
The trips generated by each land cover are proposed, then, as a valid indicator of quantity of activity for 
any setting of the intermediate urban mosaic. Precision in evaluating the number of trips generated in 
each case is of little importance: rather, the intention is to determine the relative weights of each 
location, in order to establish and visualise graduated scales of concentration of the activity. 
For the transformation of land covers to trip generation, there are various documents and manuals of 
reference used in the field of transport engineering.  
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The “Trip Generation Manual” published by ITE16 , which is in its ninth edition at the moment of writing 
these lines, is one of the principal documents of reference in this field. The counts made in this case refer 
solely to vehicles and are non-directional, in the sense of not distinguishing between vehicles entering 
and exiting. The principal limitations of this approach are the geographical leap between the USA and 
the Europe of the north-western Mediterranean arc on which the studies of the present dissertation are 
centred, and the fact that the generation of trips associated directly with the productive natural land 
covers is not explicitly considered.  
However, other documents exist in which the land covers associated with agriculture are considered, on 
the basis of truck journeys generated. The publication “Truck Generation Data. A Synthesis of Highway 
Practice” (Fischer & Han, 2001) gathers data associated with truck journeys for a wide range of land uses. 
In the case of the values associated with agriculture, data is available on the cities of Columbus, Ohio; 
Racine, Wisconsin; and Kenosha, Wisconsin. 
In addition, in the territory in which the case study of the present dissertation is conducted, there exists 
Decree nº 344/2006 of 19 September regulating the evaluation studies of generated mobility 
(Generalitat de Catalunya, 2006), which makes it possible to evaluate the number of trips generated 
(outward and return included) for various uses of the urban environment. However, these values must 
be understood as an estimation of obligatory mobility, which does not consider the data generated by 
goods vehicles. There are various studies which, in the same territorial scope of application as the 
aforesaid Decree, have developed methodologies addressed to considering these trips in their entirety17 
(see, e.g., Generalitat de Catalunya, 2012). 
It is proposed to take Decree 344/2006 as the reference and to complete the trip generation ratios with 
the other sources mentioned, for those land covers not considered in the first source. It is considered 
perfectly valid to use the trip unit independently of the reason and mode of transport. It is solely a 
question of establishing orders of magnitude of the spread of activity in the territory, using the land 
covers as the only necessary data.  
                                                                
16  “The Institute of Transportation Engineers is an international educational and scientific association of transportation 
professionals who are responsible for meeting mobility and safety needs” (About ITE, n.d., para. 1). 
17 The “Use Manual of the spreadsheet of CO2 emissions associated with a municipal urban plan” developed by the Territory and 
Sustainability Department of the Government of Catalonia, develops a methodology for the estimation of CO2 emissions associated 
with generated mobility (Generalitat de Catalunya, 2012). 
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All the transformations considered necessary are carried out, then, to have a ratio expressed in trips per 
square metre of land of each type of land cover involved. On one hand, the floor area ratio must be 
estimated along with the gross floor area (GFA) of a home for those covers in which the ratios are 
expressed in terms of the GFA or the number of homes, respectively. On the other hand, for the data 
taken from the publication “Trip Generation Manual, 9th ed.,” the transformation is made from vehicles 
to persons18 and from non-directional trips to outward-and-return trips. As for truck journeys in relation 
with the surface areas dedicated to agriculture, none of the said transformations are conducted, in order 
not to attenuate their relative importance.  
In this way, the total number of trips generated associated with a particular segment of the road network 
𝑖 is obtained by addition of the contribution of each land cover 𝑗 associated with segment 𝑖 by means of 
the downstream or upstream visualisation methods, expressed as the product of the surface area in 
square metres of surface 𝐿𝑐[𝑗] multiplied by its trip generation ratio 𝑊[𝑗]. 
Equation 7:  




Table 4.2 shows the ratios adopted for each land cover, indicating the transformations for obtaining 
approximate values for each unit of surface area.  
 
  
                                                                
18 The average occupancy per vehicle in Catalonia is 1.2 occupants per private vehicle (Government of Catalonia, 2012). 
Taming the Road | Josep Mercadé Aloy | 107 
 
 
Table 4.2. Ratios of trip generation per surface area of land.  
Diversity indicator 
As has been said in section 2.6 of chapter 2, the diversity of uses becomes an essential factor of the 
sustainable urban form. The possibility of social interchange, access to a range of services and facilities 
of proximity and, in summary, a greater extension of quality of life and social fairness have been 
demonstrated. In addition, various approaches to the calculated visualisation of this urban diversity have 
been expounded. 
The most frequently used formulations which have been identified are the Shannon index (see, e.g., 
Alberti, 2008) or the Simpson index and its derivates (see, e.g., Talen, 2012). It is proposed to use the 
Gini-Simpson index to the set of land covers associated with each segment of the road network.  
Thus, the Gini-Simpson index 𝐺𝑖𝑛𝑖 − 𝑆𝑖𝑚𝑝𝑠𝑜𝑛 𝑖𝑛𝑑𝑒𝑥[𝑖] associated with a particular segment of the 
road network 𝑖 is obtained by subtracting the Simpson index from unity (Jost 2006).  










USrrm 1 Urbà Mixt 101 180_Urban centre 7 trips/home* 80,00 2,65 0,2319
Residential urban 102 181_Enlargement 7 trips/home* 90,00 1,50 0,1167
mixed residential 103 182_Single-family houses 7 trips/home* 120,00 0,35 0,0204
104 179_Residential estates 7 trips/home* 140,00 0,35 0,0175
104 183_Colonies and isolated nuclei 7 trips/home* 90,00 2,00 0,1556
104 184_Detached houses 7 trips/home* 140,00 0,35 0,0175
USs 2 Industrial 201 185_Regulated Industrial estates 5 trips/100m2 floor area* 0,5 0,0250
Specialised urban 201 186_Industrial estates 5 trips/100m2 floor area* 0,5 0,0250
201 187_Isolated Industries 5 trips/100m2 floor area* 0,5 0,0250
3 Commercial and office c. 301 189_Commercial and office complexes 20 trips/100m2 floor area(*) 1 0,2000
4 Facilities 401 213_Administrative complexes 15 trips/100m2 floor area(*) 1 0,1500
401 214_Healthcare facilities 20 trips/100m2 floor area* 1 0,2000
401 215_Educational centres 20 trips/100m2 floor area* 0,9 0,1800
401 216_Penitentiary centres 20 trips/100m2 floor area* 0,9 0,1800
401 217_Religious centres 20 trips/100m2 floor area* 0,9 0,1800
401 218_Cultural centres 20 trips/100m2 floor area* 0,9 0,1800
402 195_cemeteries
5 Tertiary Leisure 501 190_Hotel complexes 20 trips/100m2 floor area(*) 1,00 0,1000
502 210_Recreational parks 3,95/Acre*** 5,8564
503 211_Campsites 27/Ha(***) 16,2000
6 Open leisure spaces 601 209_Sports zones 5 trips/100m2 de sòl(*) 0,05
602 210_Recreational parks 3,95/Acre*** 5,8564
603 212_Golf courses 0,30/Acre*** 0,4448
604 198_Urban parks 5 trips/100m2 de sòl* 0,05
605 109_Beaches -
NSp 7 Primary 701 192_Agricultural buildings 5 trips/100m2 floor area(*) 0,5 0,025
Productive natural 701 193_Farms 5 trips/100m2 floor area(*) 0,5 0,025
701 188_Sawmills 5 trips/100m2 floor area(*) 0,5 0,025
702 175_Fish farms -
702 176_Fish farms and sea crops -
703 227_Mining zones 0,005/Acre(**) 0,0124
10 Rain-fed agriculture 1001 116_Citrics 0,006/Acre(**) 0,0148
1001 117_Non-citric fruit trees 0,006/Acre(**) 0,0148
1001 119_Vineyards 0,006/Acre(**) 0,0148
1001 120_Olive groves 0,006/Acre(**) 0,0148
1001 122_Carob groves 0,006/Acre(**) 0,0148
1001 124_Other herbaceous crops 0,006/Acre(**) 0,0148
1001 126_Cereal meadows 0,006/Acre(**) 0,0148
1001 128_Agricultural clearings 0,006/Acre(**) 0,0148
1001 131_Citrics on terraces 0,006/Acre(**) 0,0148
1001 132_Non-citric fruit trees on terraces 0,006/Acre(**) 0,0148
1001 134_Vineyards on terraces 0,006/Acre(**) 0,0148
1001 135_Olive groves on terraces 0,006/Acre(**) 0,0148
1001 137_Carob groves on terraces 0,006/Acre(**) 0,0148
1001 138_Other herbaceous crops on terraces 0,006/Acre(**) 0,0148
1001 140_Cereal meadows on terraces 0,006/Acre(**) 0,0148
11 Irrigated agriculture 1101 118_Irrigated non-citric fruit trees 0,010/Acre(**) 0,0247
1101 121_Irrigated olive groves 0,010/Acre(**) 0,0247
1101 123_Rice fields 0,010/Acre(**) 0,0247
1101 125_Irrigated other herbaceous crops 0,010/Acre(**) 0,0247
1101 129_Grennhouses 0,010/Acre(**) 0,0247
1101 130_Market garden crops under plastic 0,010/Acre(**) 0,0247
1101 133_Irrigated non-citric fruit trees 0,010/Acre(**) 0,0247
1101 134_Vinyes on terraces 0,010/Acre(**) 0,0247
1101 139_Irrigated other herbaceous crops on 0,010/Acre(**) 0,0247
1101 172_Greenhouses on terraces 0,010/Acre(**) 0,0247
1101 173_Family vegetable garden 0,010/Acre(**) 0,0247
* Source: DECREE 344/2006 of 19 September regulating evaluation studies of generated mobility
(*) Source: Value adopted on the basis of DECREE 344/2006 of 19 September regulating evaluation studies of generated mobility
(**) Source: Value adopted on the basis of the report "NCHRP Synthesis 298. Truck Trip Generation Data. A Synthesis of Highway Practice"
*** Source: Trip Generation Manual , 9th ed
(***) Source: Value adopted on the basis of the "Trip Generation Manual , 9th ed."
(1) Data *** and (***) corrected for 1,2 occupants per private vehicle and for outward-and-return trips
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Equation 8:  








The Simpson index, in ecology, measures the probability of two entities taken at random from a data set 
representing the same typology. The weighted sum is taken of the proportions of abundance of each 
typology considered. In our case, it is the proportion of the land covers 𝑗 associated with each road 
network segment, by means of the downstream or upstream visualisation methods, on the set of covers 
𝑘 present in each case. The proportions of abundance of each cover are calculated on the basis of its 
surface area 𝐿𝑐[𝑗]. 
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5. Geometric Enclaves and Spines. The identification and evaluation of central road network 
structures at motorised and non-motorised proximity scales 
The quantified identification of quasi-urban structures as “road network-activities” binomials forming a 
critical mass of potential social interaction and an incipient urban condition has been identified as one 
of the objectives of this dissertation. We propose an isolated reading of the spatial configuration of the 
non-segregated road network as an instrument for deciphering the internal structure of the 
intermediate urban mosaic.  
The intention is to explore the potential of a strictly geometric and topological reading, taking as 
reference the topological centrality measures defined in Chapter 4 and contextualised in Chapter 2 
within the framework of a relational reading of the urban mosaic. These are the centrality measures of 
reach, closeness, betweenness and straightness. To carry out the calculations, the radiuses of metric 
influence associated with the various modes of proximity transport are considered, measured on the 
network, of: 300 m for walking, 500 m for long-distance walking, 1,000 m for cycling, 2,000 m for long-
distance cycling, 5,000 m for short-distance private vehicle, and 10,000 m for long-distance private 
vehicle. 
What is proposed, then, is a dual reading of the results obtained, which consists in: (1) correlating the 
values obtained with the physical spread of the activity and (2) observing the characterisation obtained 
in relation with conventional mapping to detect what aspects of the intermediate urban mosaic can be 
visualised with each centrality measurement. 
It is believed that the proposed methodology has to permit, to a greater or lesser extent, a contribution 
to the identification of road network-activity binomials, for different logics of mobility, which do not 
strictly correspond to the consolidated nuclei of the territory. There are two reasons why this is 
considered an appropriate method for the stated purpose. In the first place the possibility is 
contemplated of validating the predictive potential of the spread of the activity of each of the centrality 
measures, by means of the correlations. This approach has to legitimise the pertinence and relevance of 
the results obtained. In the second place, the territorial studies conducted prior to this study, which have 
been identified in Chapters 2 and 4 of this dissertation, demonstrate the utility of this approach. 
The expected results are the obtainment of a certain degree of correlation between the topological 
values of centrality of the road network and the spatial configuration of the activity, along with the 
visualisation of different structuring aspects of the intermediate urban mosaic at the motorised and non-
motorised scales of proximity. 
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5.1. Data preparation 
To calculate the topological centrality indicators, we work solely on the graph of the non-segregated 
road network on the basis of the sources described in Chapter 4. We set aside the attributes which 
characterise the different segments of the graph, considering that the spatial-topological configuration 
itself will reveal its hierarchy in the territory. It must be borne in mind that the roadway elements 
involved in our case correspond to: main and conventional roadways, that is, catalogued roads; non-
catalogued paved roadways, that is, streets; roadways without classification of their paving status but 
integrated into the urban fabric; and unpaved ways in the form of tracks and unpaved ways in the form 
of paths and tracks. In addition, the mid-point of all the segments involved is calculated, as described in 
Chapter 4, to prepare the data for a dual approach. The network segments thus become the origins and 
destinations of the centrality calculations. 
To establish the spatial configuration of the spread of activity in the territory, the “Voronoi-based land-
use micro-catchment areas” method will be used, subsequently applying the trip generation indicator to 
each segment of the road network. With this information we make two alternative transformations 
addressed to establishing the correlation between the real physical spread of the activity and the 
topological measures in which only the geometry of the non-segregated road network graph intervenes: 
(1) referring the trips generated by a network segment, on the basis of its associated land covers, to the 
unit of length of the segment in question, and (2) making a transformation of the kernel density 
estimation (KDE) type. The reason for these transformations is the preparation of the set of data of 
centrality and activity in order to cross-reference them on the same scale. 
In the first case, what is contemplated is a correlation for each arc between the centrality measures 
registered and the value of activity calculated on the basis of the trip generation indicator described in 
Chapter 4. The total of unit trips generated associated with a particular segment of the road network 𝑖 
is obtained by addition of the contribution of each land cover 𝑗 associated with the segment 𝑖, expressed 
by the product of the surface area in square metres of surface 𝐿𝑐[𝑗] multiplied by its trip generation 
ratio 𝑊[𝑗], divided by the length of the segment 𝑙𝑖.  
 
Equation 9:  
𝑈𝑇𝑟𝑖𝑝𝑠[𝑖] =  
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This alternative guarantees that the unit of correlation is exactly the same, and the standardisation of 
the activity indicator by arc length is only carried out to avoid effects deriving from the presence of two 
contiguous segments of very dissimilar length which, on the other hand, have practically identical 
centrality values, as is to be expected. The fact of referring the activity indicator to the unit of length of 
the segment makes it possible to deactivate the effect of the absolute value of trips associated with each 
of these segments being truly very different when their density per linear metre could be practically the 
same. 
The second case proposes a correlation between the values of centrality and activity, having previously 
carried out the said kernel-type transformation. It is a question of absorbing a limitation which is inherent 
to the nature of the intermediate urban mosaic: the condition of discontinuity of settlements in the 
mosaic of “urban things” and open spaces. The fact that a set of road network segments register high 
values of centrality due to their relative position and that they truly support a substantial quantity of 
activity does not necessarily imply the continuity of the structure of settlements. That is to say, it must 
be assumed that there are road network segments with high values of centrality which do not support 
any relevant concentration of activity in their associated Voronoi region. This is the reason for proposing 
the spatial smoothness of the information relating to the activity, which necessarily entails carrying out 
the same transformation for the centrality values in order for them to be evaluable on the same scale. It 
is worth mentioning that the kernel density transformation has already been used, for example by Porta 
et al. (2009), to study the relationship between road network centrality and density of commercial 
establishments and services in Bologna. 
The KDE is applied to the attributes of centrality and activity of the mid-point of each segment using the 
value of area of influence of 1,000 m, due to this being considered an appropriate value of proximity. 
The KDE estimates the density of the attribute in a sphere of influence of each observation, giving greater 
weight to the nearest objects and not to the farthest on the basis of a kernel function, which in the case 
of the tool implemented in the ArcGis 10.2 > Kernel density software is a quadratic kernel function 
(Silverman, 1986). The value adopted is highest in the location of the observation itself and gradually 
decreases as we move away from it, taking the value 0 at 1,000 m of distance adopted. The initial data 
of the centrality and activity indicators based on the trips generated which were stored at the mid-point 
of each segment are diffuminated in a resulting raster file for each attribute considered. The cell size 
considered was five metres. The value taken by each cell is the aggregation of values of all the kernel 
surfaces generated around the original observations. The principal limitation of this transformation is 
the “oil-stain” character represented by the irradiation of the values. It is worth saying that other more 
sophisticated techniques have been developed to perform this smoothing of data only on the road 
network graph of reference (Produit, 2010) on the basis of the studies by Borruso (2008) and Okabe et 
al.  (2009). The aim is to restrict the kernel functions to the road network of reference. In the case in 
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hand, it has not been considered necessary to introduce this degree of subtlety, since it is already 
considered in alternative 1 of preparation of the data to be correlated. 
5.2. Centrality measures in the Vallès Oriental 
The calculations have been made of the topological centrality indicators of reference: reach, closeness, 
betweenness and straightness. The radiuses of metric influence associated with the various modes of 
proximity transport have been considered, measured on the network, of: 300 m for walking, 500 m for 
long-distance walking, 1,000 m for cycling, 2,000 m for long-distance cycling, 5,000 m for short-distance 
private vehicle, and 10,000 m for long-distance private vehicle. 
The results obtained are presented with logarithmic standardisation, considering 10 classes, classified 
by the Natural Breaks method already implemented in the ArcGis software used. The Jenks algorithm is 
used, which groups similar values and maximises the difference between the classes considered (Jenks, 
1967). Figures 5.1, 5.2, 5.3 and 5.4 show the results obtained for the measures of reach, closeness, 
betweenness and straightness, respectively. 
Additionally, the aforesaid KDE transformation is visualised for all the centrality measures and for each 
of the said search radiuses. The symbology used in this case is exactly the same as that proposed for the 
visualisation of the topological indicators on the road network segments. Figures 5.5, 5.6, 5.7 and 5.8 
show the transformations made for the measures of reach, closeness, betweenness and straightness, 
respectively. 
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Figure 5.1. Reach centrality in the Vallès Oriental considering search radiuses from 300-10,000m: (a) r=300m, (b) r=500m, (c) 
r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
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Figure 5.2. Betweenness centrality in the Vallès Oriental considering search radiuses from 300-10,000m: (a) r=300m, (b) r=500m, 
(c) r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
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Figure 5.3. Closeness centrality in the Vallès Oriental considering search radiuses from 300-10,000m: (a) r=300m, (b) r=500m, (c) 
r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
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Figure 5.4. Straightness centrality in the Vallès Oriental considering search radiuses from 300-10,000m: (a) r=300m, (b) r=500m, (c) 
r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
 




Figure 5.5. Kernel density surface from Reach centrality values in the Vallès Oriental considering search radiuses from 300-10,000m: 
(a) r=300m, (b) r=500m, (c) r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
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Figure 5.6. Kernel density surface from Betweenness centrality values in the Vallès Oriental considering search radiuses from 300-
10,000m: (a) r=300m, (b) r=500m, (c) r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
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Figure 5.7. Kernel density surface from Closeness centrality values in the Vallès Oriental considering search radiuses from 300-
10,000m: (a) r=300m, (b) r=500m, (c) r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m.  
Taming the Road | Josep Mercadé Aloy | 120 
 
 
Figure 5.8. Kernel density surface from Straightness centrality values in the Vallès Oriental considering search radiuses from 300-
10,000m: (a) r=300m, (b) r=500m, (c) r=1,000m, (d) r=2,000m, (e) r=5,000m and (f) r=10,000m. 
 
5.3. Activity measures in the Vallès Oriental 
The activity is calculated for each arc of the graph by means of the aforesaid trip generation 
methodology. Subsequently we proceed in the two said directions. On one hand, we calculate the trips 
generated associated with each segment of the graph per unit of length. On the other hand, the kernel 
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density transformation is carried out on the basis of the trip generation values associated with each arc. 
This concludes the transformation of data to determine the correlations between the centrality 
measures and the spread of activity in the territory. 
The single visualisation of the KDE transformation is conducted for the status of the spread of activity in 
the territory (Figure 5.9). The symbology used in this case is the same as that proposed for the 
visualisation of the topological centrality indicators on the road network segments. 
 
Figure 5.9. Kernel density surface from activity values based on trip generation indicator in the Vallès Oriental.  
 
 
5.4. Centrality measures as predictors of proximity structures  
This section establishes the correlations between the spread of activity in the territory, which acts as a 
dependent variable, and its candidate predictors, which are the topological centrality measures.  
The activity has been expressed using the trip generation indicator for the area of influence closest to 
each segment of the road network. This univocal assignation of a region of territory to each arc of the 
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road network graph has been made by means of the “Voronoi-based micro-catchment areas” method 
described in Chapter 4. These data stored in each arc have been prepared to create the two sets of 
correlations mentioned above. It must be recalled that in the first place a direct correlation is made of 
the information of each centrality measurement of each arc with its associated density of activity. In the 
second place it is proposed to carry out a KDE transformation, in the manner described in the 
“Preparation of Data” section of this Chapter, which is executed simultaneously for the treatment of the 
dependent variable, the activity, and for the independent variables, the centrality measures, which are 
candidates for predictors. 
In both cases the ArcGis 10.2 > Ordinary Least Squares (OLS) tool has been used to calculate the linear 
regression by the least squares method. In the second case, the raster cells must first be converted into 
points in order to use the tool. Although this instrument is designed to model the dependent variable in 
terms of its relationship with a set of explanatory variables, the analysis is carried out for each 
independent variable in isolation. In our case, the aim is to evaluate each topological centrality 
measurement for each of the radiuses of influence separately. 
The results obtained are presented in Table 5.1 and are used to construct the graphs of Figure 5.10. The 
first observation is that the values obtained by means of the KDE transformation are clearly higher than 
those obtained by means of the direct correlation between the values of activity and centrality 
associated with each arc. In the first case, the highest values, which reach approximately 0.87, are 
registered with the centrality measurement Reach 1000, Betweenness 1000, Straightness 1000 and 
Closeness 1000. In the second case, the highest values are situated around 0.21, for the measures Reach 
1000, Straightness 1000 and Closeness 1000. The second observation to be made on the basis of the 
presentation of the values in graph form in Figure 5.10 is that the betweenness measurement registers 
values appreciably lower than the rest of the measures for the case of the direct correlation based on 
the arcs of the road network. Finally, it is observed that a peak of correlations occurs with the search 
radius of 1,000 m, which falls as this value increases. 
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Table 5.2. Correlations between centrality measures and activity in the Vallès Oriental. KDE denotes kernel density estimations. R2 
denotes R-squared. 
         
Figure 5.10. Correlations between centrality measures and activity in the Vallès Oriental on the basis of the data of Table 5.1: (a) 
segment-based correlations and (b) KDE-based correlations.  
The proposed analysis is limited, therefore, to obtaining the value R2 of the linear regression analysis to 
establish solely a first approach to the appropriateness of using the centrality measures in a 
complementary manner to the production methods proposed in this dissertation.  
There are multiple limitations of the direct calculation of the linear regression by the least squares 
method, and they could reach the point of invalidating the meaning of the results obtained. In the case 
PREDICTOR SEARCH RADIUS (m) R2 SEGMENT-BASED R2 KDE-BASED 
Reach 300 0.1270 0.8315 
500 0.1999 0.8502 
1000 0.2258 0.8703 
2000 0.1970 0.7852 
5000 0.1050 0.5108 
10000 0.0708 0.3978 
Betweenness 300 0,0008 0.7961 
500 0.0405 0.8462 
1000 0.0821 0.8740 
2000 0.0565 0.8144 
5000 0.0141 0.5466 
10000 0.034 0.3102 
Straightness 300 0.1053 0.8278 
500 0.1869 0.8496 
1000 0.2197 0.8744 
2000 0.1990 0.7987 
5000 0.1144 0.5385 
10000 0.0790 0.4197 
Closeness 300 0.1829 0.8356 
500 0.2104 0.8550 
1000 0.2152 0.8705 
2000 0.1563 0.7277 
5000 0.0646 0.4127 
10000 0.0519 0.3543 
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in hand, it must be pointed out that the trip generation data associated with each arc of the road network 
originate from the composition of land covers which has been assigned to them by means of the Voronoi-
based micro-catchment area method described in Chapter 4. This problem was stated by Pearson (1897) 
as early as the end of the 19th century, warning the scientific community of the existence of a false 
correlation between the parts of a composition. In response to this concern, a parallel statistical analysis 
was carried out, co-tutored by the author of this dissertation (Serrat, 2015), which contemplated a 
compositional treatment of the response variables with the method proposed by Aitchison (1986). At 
the same time, this analysis conducted a generalised treatment of zeros and the treatment of the 
explanatory variables for the construction of a multiple-regression model. The results display a weak 
predictive model with low R-squared values, as occurs with the linear regression analysis conducted 
separately for each centrality measurement and without considering the compositional treatment of the 
dependent variable. In any case, the existence is observed of a correlation between the spread of activity 
characterised by the trip generation indicator and the centrality measures. 
5.5. Discussion 
The topological centrality measures clearly contribute to the characterisation and diagnosis of the 
relational system of the intermediate urban mosaic, at the different proximity scales. It must be pointed 
out that the only data involved in the visualisations described in this section are the segments of the 
non-segregated road network graph, no specific weight having been given to certain elements for 
reasons of hierarchy. We are speaking of a very wide range of road typologies, extending from major 
roads to paths which can only be travelled on foot. The geometry and topology of the road network are 
the only source of information which is consulted to carry out the centrality measures. 
The minute analysis of the proposed visualisations, along with the correlations analysed with the spread 
of the activities reveals the following:  
(1) The existence is demonstrated of a certain correlation between activity in terms of the trip generation 
which it represents and the topological centrality measures, which legitimises their use as predictors of 
location of activity.  
The analysis of the correlations obtained by the KDE method, and considering the information segment 
by segment of the road network, directly situate the highest values of the linear regression around 0.87 
and 0.21, respectively, for any of the centrality measures calculated with a search radius of 1,000 m. 
There is an exception in the case of betweenness centrality, in which the correlation obtained by the 
segment-by-segment method is much weaker. In general, the correlation values show a drop which 
Taming the Road | Josep Mercadé Aloy | 125 
 
affects all the centrality measures from the radius 5,000 m, inclusive. In any case, what is observed is the 
importance of the value of search radius 1,000 m as a measurement of the proximity scale. 
(2) The significant indicators are closeness, betweenness and straightness. The reach indicator does not 
provide additional information to the closeness indicator  
The observation of the relational patterns which are inferred from the visualisations of the proposed 
centrality measures makes it possible clearly to show that the closeness, betweenness and straightness 
indicators highlight different aspects of the relational structure. The reach indicator, which has less 
tradition of use and a very simplified mathematical formulation, does not contribute to describing any 
other significant aspect of the spatial configuration which is not gathered by the closeness indicator. 
(3) There is significant duality between the centrality measures of closeness and betweenness. Thus, while 
closeness tells us about enclaves, betweenness tells us about the structuring skeleton, for the different 
scales considered. 
With the visualisation of the closeness indicator 300, that is, for a search radius of 300 m, there clearly 
emerge the consolidated urban nuclei, which correspond to the municipalities. Subzones can be 
distinguished in each of these urban nuclei due to their greater integration into the whole. It must be 
recalled that this indicator shows the position value of one segment with regard to all the others for a 
particular search radius. The greater density of road network and the lesser length of the segments in 
more consolidated urban sections clearly contribute to prioritising roadway concentrations which 
present smaller spaces between roads. The results obtained with the closeness indicator 500 are very 
similar, although the subtlety of identifying subcentres in the consolidated nuclei begins to be blurred 
and to favour a rougher characterisation which tends to identify the nucleus in a more homogeneous 
manner. In both of the cases analysed, other roadway concentrations can be distinguished which do not 
necessarily correspond to urban nuclei of a certain density, partially illuminating certain low-density 
residential areas and microcentres in fabrics of a more specialised character. 
The closeness indicator 1,000 produces an identification of the most important consolidated nuclei of 
the territory, which are expressed in a manner not hierarchised internally, and what is seen is the 
generalised appearance of intermediate road structures which are subtly characterised. The main 
enclaves in which urban disseminations and episodes of low density occur are represented, along with 
groupings of pieces of a more specialised nature. This twofold consideration makes it possible to detect 
the urban continua of supramunicipal scope which spread out in the territory (Figure 5.11). The closeness 
indicator 2,000 illuminates more clearly the main city of Granollers, and subtlety is lost when expressing 
hierarchies of microcentres in the intermediate sphere of the urban continua. 
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(a)                                                                (b)                                                                          
             
(c)                                                                (d)                                                                          
Figure 5.11. Closeness centrality and (d) topography in the northern section of Granollers considering search radiuses (a) r=300m, 
(b) r=500m, (c) r=1,000m (Source: Own elaboration from data provided by the Cartographic and Geological Institute of Catalonia). 
The closeness indicators 5,000 and 10,000 clearly prioritise the position value of the municipality of 
Granollers within the territory of the district. The results obtained with these search radiuses are 
considered less important since edge effects occur related with the imposition of the district boundary, 
and the distances used move away from the most reasonable values within the framework of the study 
of the relational system of proximity. 
With the betweenness measures 300 and 500 we obtain the roadway skeletons of the consolidated 
nuclei and certain groupings of very isolated spines which correspond to the aforesaid low-density 
structures and specialised groupings. With the betweenness indicator 1,000 there appear the 
vertebrating skeletons of the intermediate urban mosaic in a hierarchised manner. The shift to 
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betweenness 2,000 shows which of those structures of the territory of relationship scale 1,000 unite to 
form systems of a higher order. The combined reading of the two measures reveals the intensity of 
incidence of the urban component in the urban mosaic (Figure 5.12). 
The betweenness measures 5,000 and 10,000 help to reveal the hierarchised global roadway skeleton 
at the scale of the whole district, although to a certain extent the reading of a constellation of urban 
nuclei with intermediate territories graduated in their intensity is lost. 
            
(a)                                                                (b)                                                                          
            
(c)                          (d) 
Figure 5.12. Betweenness centrality and (d) topography in the northern section of Granollers considering search radiuses (a) 
r=1,000m, (b) r=2,000m, (c) r=5,000m (Source: Own elaboration from data provided by the Cartographic and Geological Institute 
of Catalonia). 
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The combination of the closeness and betweenness indicators proves to be especially complementary 
and applicable to the reality to be characterised. On one hand, the small search radiuses, 300 and 500, 
of the closeness indicator make it possible to illustrate the consolidated urban centres and the other 
groupings of road network density which are, or can potentially become, micro-nodes within the urban 
continua. On the other hand, the betweenness indicator for the search radiuses 1,000 and 2,000 
automatically generates the support structuring of the relational system of proximity of the urban 
mosaic. Consequently, crossing the two characterisations constitutes an important instrument for 
diagnosing and retrofitting the intermediate urban mosaic.  
In addition, it must be borne in mind that the concept of scale of use of the territory, which we 
characterise by means of the search radiuses associated with the centrality measures, has been referred 
initially to the various modes of transport: 300 m for walking; 500 m for long-distance walking, 1,000 m 
for cycling; 2,000 m for long-distance cycling and private vehicles and the other short-distance 
mechanised modes; 5,000 m for private vehicles and the other short-distance mechanised modes; and 
10,000 m for private vehicles and the other long-distance mechanised modes. This demonstrates that: 
(1) the highlighted enclaves with the closeness measure 300 m, 500 m and 1,000 m are groupings of 
walking and cycling activity; (2) the relational skeleton of proximity characterised according to the 
betweenness indicator 1,000 m and 2,000 m, which supports the enclaves, corresponds to the scale of 
cycling and the short-distance mechanised modes; and (3) the betweenness indicator for the radiuses 
5,000 m and 10,000 m tend to highlight the hierarchised global roadway skeleton at the regional scale 
which corresponds to the territory of the mechanised modes. In this way, the concept of scale, or more 
specifically of “living on the new scale” (Friedmann, 1965), which we discussed in Chapter 2, arguing the 
progressive substitution of location by mobility, is now represented graphically by means of the 
centrality measures.  
(3) The straightness indicator for the search radius 10,000 m illuminates the non-segregated road network 
which has territorial continuity, beyond the access to its confronting activity. 
The straightness indicator, contrary to what might be expected considering its formal definition, behaves 
in similar ways to the reach and closeness indicators. That is to say, it tends to generate spots of 
groupings rather than uncovering the structuring roadway skeleton. However, there is a very interesting 
exception in the case of the radius of 10,000 m. The result observed surprisingly deciphers a non-
segregated road network of the first order in the regional scale, which is even clearly visible on crossing 
the interior of the consolidated urban nuclei. The road network which has continuity is prioritised by this 
indicator, which illuminates the most direct connections between the enclaves. 
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In conclusion, the intention is to highlight the potential and effectiveness in the process of deciphering 
the structure of the intermediate urban mosaic provided by the use of centrality measures, with 
important efficiency in terms of the low cost of computation and data preparation required. The enclaves 
which form the archipelago of consolidated nuclei and lesser settlement groupings which make up urban 
continua, with their vertebrating roadway structures, have been revealed at the different scales of the 
relational territory. 
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6. Densities. The identification and evaluation of road network-activities binomials and their 
critical mass areas 
The identification of urban structures as road network-activities binomials in the territories of the 
intermediate urban mosaic has been stated as one of the goals of this dissertation. Chapter 5 has partially 
thrown light on this question with the isolated reading of the road network by means of centrality 
measures. Consequently, the geometric conditions of the potential groupings of activity have been 
established by means of the topological analysis of the road network graph.  
The present chapter proposes a complementary analysis which starts from the spatial configuration of 
the activity in relation with the road network. Similarly to the previous chapter, the complete road 
network graph is taken, from main roads to pathways and countryside paths. Additionally, the land 
covers accessible from each roadway arc are considered. It is proposed to work with the upstream 
visualisation methodology presented in Chapter 4. This method of irradiation/appropriation of the area 
of influence of each arc of the road network has to make it possible to identify discontinuous territorial 
areas in unitary form. The intention is to decipher where the road network-activities binomials are 
located and to characterise them according to their intensity and characteristics in order to establish 
their potential within the intermediate urban mosaic.  
The expected results are therefore the visualisation of sets of road networks linking disperse activities.  
6.1. Data preparation 
This task starts directly from the storage of the set of surfaces of each land cover associated with each 
arc of the road network by means of the Voronoi-based land-use micro-catchment areas method. This 
approach will make it possible to apply the upstream visualisation method presented in Chapter 4.  
Each arc of the road network appropriates the data of the land covers associated with the arcs located 
within a certain proximity to it. This reveals the position value of an arc in the intermediate urban mosaic. 
On the basis of the non-segregated road network, a graph 𝐺 is constructed in which the mid-point of 
each segment is converted into a node. It must be borne in mind that all the non-segregated road graph, 
from major and conventional roads to paths and tracks, is taken into consideration, similarly to the 
approach set out in Chapter 6. The 𝑈𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖] value of a node 𝑖 in a graph 𝐺 for a radius 𝑟 describes 
the sum of the weights 𝑊 associated with the node itself and each of the other nodes which can be 
reached from 𝑖 by means of the minimum path of a maximum distance  : 
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Equation 10:  
𝑈𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑊




In our case, we will take a radius 𝑟  of 1,000 m to encompass proximity territories of diameter 2,000 m. 
The reason for this decision lies in a concept of proximity in which walking and cycling can coexist with 
the motorised modes. At the same time, this decision is strengthened by the fact that the correlations 
between centrality measures and spread of activity occur for the radius 1,000 m, as stated in Chapter 5. 
With regard to the weight 𝑊, the surface area of each land cover described in Chapter 4 will be taken. 
The results obtained for each arc of the road network are recorded as shown in Table 6.1. 
Table 6.1. Scheme of the storage table of the surface areas of each land cover associated with each arc of the road network by 
means of the upstream visualisation method.  
These values are visualised over the as of the road network, following the grouping of land covers 
proposed in the “Data” section of the “Data and Methods” chapter: residential and mixed residential 
urban system (USrrm), specialised urban system (USs), productive natural system (NSp) and non-
productive natural system (NSnp). Finally, the trip generation and diversity indicators will be applied for 
the purpose of processing the information of the land covers jointly. 
Additionally, the road network arcs will be selected to visualise the road network-activities binomials 
with a certain critical mass. To carry out these calculations, it is not necessary to make any preparation 
with the data, since these selections can be operated directly with ArcGis > Selection > Select by 
attributes. For this reason, each selection is formulated directly in section 6.3 of this chapter. 
6.2. Upstream visualisation in the Vallès Oriental 
Below we present the results obtained by means of visualisations obtained applying the aforesaid 
methods. 
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In the first place we present the results obtained for the groupings of land covers. No standardisation is 
made, the values being expressed with the line thickness with proportions of 0.5 to 4, considering five 
classes, which are classified with the Natural Breaks method already implemented in the ArcGis software. 
In order to distinguish the contribution of each land cover, the same colours are used as in Chapter 4 to 
characterise the land covers (Figures 6.1, 6.2, 6.3, 6.4, 6.5 and 6.6). 
Subsequently, the trip generation activity indicator is applied with the procedure described in Chapter 
4. The results obtained are presented with logarithmic standardisation, expressing the values with a 
colour ramp, considering five classes, which are classified with the Natural Breaks method already 
implemented in the ArcGis software (Figure 6.7). 
In the third place the diversity indicator is applied, with the procedure described in Chapter 4. The results 
obtained are presented without standardisation, expressing the values with a colour ramp, considering 
15 classes, which are classified with the Natural Breaks method already implemented in the ArcGis 
software. In order to emphasise the highest values, the thickness of the last highest-value class is 
increased, maintaining the colour of the chosen colour ramp (Figure 6.8). 
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Figure 6.1. Upstream visualisation of land covers: residential and mixed residential urban system (USrrm). 
 
Figure 6.2. Upstream visualisation of land covers: specialised urban system (USs). 
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Figure 6.3. Upstream visualisation of land covers: productive natural system (NSp).
 
Figure 6.4. Upstream visualisation of land Covers: non-productive natural system (NSnp). 
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Figure 6.5. Upstream visualisation of land covers: residential and mixed residential urban system and specialised urban system 
(USrrm+USs). 
 
Figure 6.6. Upstream visualisation of land covers: productive natural system and non-productive natural system (NSp+NSnp).  
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Figure 6.7. Upstream visualisation applying the Trip Generation indicator. 
 
Figure 6.8. Upstream visualisation applying the Diversity indicator. 
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6.3. Revealing Cities by density at a proximity scale 
The upstream visualisation methodology is designed to identify packets of territory which, despite being 
physically discontinuous in the spatial configuration of the settlements, make up recognisable 
intermediate mosaics. Answering graphically the question of “what we have close by” within the 
framework of this research, which considers the road network and the land covers as the sole data, has 
to make it possible to illuminate city areas according to their density and combination of uses, 
independently of the presence of open spaces absorbed into their mosaic. 
The intention is to pose a number of series of queries addressed to progressively revealing the territorial 
structures according to their density and land uses. It is proposed to take the housing ingredient as an 
indispensable component of the desirable city, to which certain doses of other more specialised uses will 
be added separately.  
The first series proposed takes into consideration the housing vector in an isolated manner. It is worth 
mentioning that this approach indirectly includes other uses compatible with housing which are not 
distinguished with the information provided by land covers. It is clear that those housing covers which 
correspond to the original nuclei and their extensions incorporate, at least, the habitual tertiary uses. To 
calculate the relationship of number of homes per unit of land surface area, the approximate floor area 
ratios are taken which have already been used in Chapter 4 to calculate the trips generated:  
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Thus, the number of homes found at 1,000 m of metric distance measured on the network from each 
arc of the network constitutes the density value to be used as the threshold leap for each step to be 
considered. Six queries are formulated, in which it is asked that those roadway arcs be illuminated which 
support in their surroundings of 1,000 m a number of homes larger than 15,000, 4,000, 2,000, 1,000, 
500, 250 and 0. The densities in terms of homes per hectare represented by these thresholds, taking a 
circular radius surface of 1,000 m, would be 48, 12, 6, 3, 0.8 and 0. These values are given in an 
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orientative manner because it has to borne in mind that we are using the network as a support for the 
distance calculations and therefore these thresholds take on another completely different meaning. The 
criterion taken for choosing these values consists of the tests carried out and the direct observation of 
significant leaps in the illuminated urban structures (Figure 6.9). 
The second series proposed is based on a presence of homes of more than 500 units with a variable 
additional content of industrial use which is measured in units of land surface area: 300,000 m2, 150,000 
m2, 50,000 m2, 25,000 m2, 10,000 m2 and 2,000 m2 (Figure 6.10). The third series considers the same 
presence of homes and a variable content of tertiary uses which is measured in units of land surface 
areas: 50,000 m2, 25,000 m2, 12.500 m2, 6,000 m2, 3,000 m2 and 1,000 m2 (Figure 6.11). Finally, one last 
series is considered in which the complementary element is irrigated crops, again measured with units 
of surface area: 250,000 m2, 125,000 m2, 60,000 m2, 30,000 m2, 15,000 m2 and 5,000 m2 (Figure 6.12). 
Table 6.2 shows the formulation of all the selections of concentration of activity which have been 
proposed.  
 
Table 6.2. Selections of road network arcs with the attribute of accessing other arcs within a radius of 1,000 m which jointly support 
a particular concentration of homes, industrial lands, specialised tertiary lands and irrigated agricultural lands.  
 
SELECTION OF ROAD NETWORK ARCS QUERY
Housing
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 0 homes H1
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 250 homes H2
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes H3
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 1000 homes H4
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 2000 homes H5
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 4000 homes H6
("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 15000 homes H7
Housing + Industrial
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 300000 m2 H3_I1
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 100000 m2 H3_I2
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 50000 m2 H3_I3
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 25000 m2 H3_I4
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 10000 m2 H3_I5
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g201" > 2000 m2 H3_I6
Housing + Tertiary
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 50000 m2 H3_T1
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 25000 m2 H3_T2
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 12500 m2 H3_T3
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 6000 m2 H3_T4
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 3000 m2 H3_T5
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g301" > 1000 m2 H3_T6
Housing + Irrigated Crops
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 250000 m2 H3_AI1
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 125000 m2 H3_AI2
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 60000 m2 H3_AI3
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 30000 m2 H3_AI4
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 15000 m2 H3_AI5
(("g101"/40 + "g102"/70+ "g103"/450+ "g104"/450) > 500 homes) AND "g1101" > 5000 m2 H3_AI6
Area of land covers (m2)
g101 Urban centre g201 Industrial
g102 Enlargement g301 Commercial and business park
g103 Single family houses g1101 Irrigated agriculture
g104 Residential (low density)
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Figure 6.9. Selection of arcs of the road network with the attribute of accessing other arcs within a radius of 1,000 m which jointly 
support: (a) more than 15,000 homes, (b) more than 4,000 homes, (c) more than 2,000 homes, (d) more than 1,000 homes, (e) 
more than 500 homes, (f) more than 0 homes. 
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Figure 6.10. Selection of arcs of the road network with the attribute of accessing other arcs within a radius of 1,000 m which jointly 
support: (a) more than 500 homes and 300,000 m2 of industrial land covers, (b) more than 500 homes and 100,000 m2 of industrial 
land covers, (c) more than 500 homes and 50,000 m2 of industrial land covers, (d) more than 500 homes and 25,000 m2 of industrial 
land covers, (e) more than 500 homes and 10,000 m2 of industrial land covers, (f) more than 500 homes and 2,000 m2 of industrial 
land covers.  
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Figure 6.11. Selection of arcs of the road network with the attribute of accessing other arcs within a radius of 1,000 m which jointly 
support: (a) more than 500 homes and 50,000 m2 of specialised tertiary land covers, (b) more than 500 homes and 25,000 m2 of 
specialised tertiary land covers, (c) more than 500 homes and 12.500 m2 of specialised tertiary land covers, (d) more than 500 
homes and of 6,000 m2 specialised tertiary land covers, (e) more than 500 homes and 3,000 m2 of specialised tertiary land covers, 
(f) more than 500 homes and 1,000 m2 of specialised tertiary land covers. 
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Figure 6.12. Selection of arcs of the road network with the attribute of accessing other arcs within a radius of 1,000 m which jointly 
support: (a) more than 500 homes and 250,000 m2 of irrigated agricultural land covers, (b) more than 500 homes and 125,000 m2 
of irrigated agricultural land covers, (c) more than 500 homes and 60,000 m2 of irrigated agricultural land covers, (d) more than 
500 homes and 30,000 m2 of irrigated agricultural land covers, (e) more than 500 homes and 15,000 m2 of irrigated agricultural 
land covers, (f) more than 500 homes and 5,000 m2 of irrigated agricultural land covers. 
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6.4. Discussion 
We have applied the upstream visualisation method to demonstrate the spread of road network-activity 
binomials of the intermediate urban mosaic. The analysis of the results obtained makes it possible to 
interpret: 
             
(a)                                                                (b)                                                                          
             
(c)                          (d) 
Figure 6.13. Upstream visualisation of land covers and (d) topography in the northern section of Granollers: (a) residential and 
mixed residential urban system (USrrm), (b) specialised urban system (USs) and (c) non-productive natural system (NSnp) (Source: 
Own elaboration from data provided by the Cartographic and Geological Institute of Catalonia and The Ecological Research and 
Forestry Applications Centre). 
(1) In the case of the residential and mixed residential urban system (USrrm) and the case of the specialised 
urban system (USs), the road structure of support of scattered territories is displayed.  
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In direct visualisation of the land covers without upstream visualisation transformation we observe 
fragments of urban realities with no apparent structure. The application of the method insinuates the 
potentially vertebrating roadway elements of the fragments (Figures 6.13.a and 6.13.b).  
(2) The upstream transformation in the non-productive natural system (NSnp) reveals the basic 
geomorphology of the territory.  
This is the photograph of that territory which proposes but does not impose in the words of Villar (1964). 
The valleys in which the road network is close to the hydrographic system are clearly marked. The 
orographic accidents are visualised by means of the paths and tracks which give access to it (Figure 
6.13.c). 
(3) The trip generation indicator makes it possible to graduate the intensity of the road network-activity 
binomials in terms of their relative weight in the territory.  
It is clearly observed how beyond the original urban nuclei and their extensions there exist other 
structures of polarisation of activity. The shapes taken on by these other realities can be stretched over 
a recognisable axis or form more compact concentrations. In any case, the visualisation obtained makes 
it possible to delimit these shapes with a certain precision (Figure 6.14.b). 
(4) The diversity indicator applied to the combination of all the land covers reveals the axes of penetration 
with associated intermittent activity. The high values of diversity occur in those territories in which a 
greater number of uses coincide. We observe how the characterisation of the activity-bearing roads, 
with absorbed open spaces, is clearly shown. On the other hand, the urban realities already saturated 
by specialised or strictly residential uses are dimmed in this type of analysis. This reveals those areas of 
the intermediate urban mosaic in which the needs and opportunities of incorporation of structure may 
be more evident (Figure 6.15.c). 
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(a)                                                                                                                   (b)                                                                                                                         
            
 (c)                                                                                                                   (d) 
Figure 6.14. Upstream visualisation and (d) topography in the northern section of Granollers: (a) land covers of the residential and 
mixed residential urban system and specialised urban system (USrrm+USs, (b) trip generation indicator, (c) diversity indicator 
(Source: Own elaboration from data provided by the Cartographic and Geological Institute of Catalonia and The Ecological Research 
and Forestry Applications Centre).  
(5) The visualisation of the different ranges of density and uses of the accessible city at a distance of 1,000 
m contributes notably to the delimitation of supramunicipal planning areas.  
In the case of the selections of road network arcs based on the number of homes they support, the 
residential areas of the intermediate urban mosaic which constitute a certain critical mass of 
concentration are revealed. The possibility of seeing the various threshold leaps of residential density 
makes it possible to establish delimitations of territories with open spaces in their composition which 
can be endowed with more structure. The three significant threshold leaps observed correspond to the 
following conditions: (a) more than 15,000 homes, (c) more than 2,000 homes, and (d) more than 1,000 
Taming the Road | Josep Mercadé Aloy | 146 
 
homes. In the first case only the nuclei of Granollers and Mollet del Vallès are illuminated, these being 
the only ones which exceed 50,000 inhabitants in the Vallès Oriental district. Following this, with the 
condition of over 2,000 homes, we observe the emergence of practically all of the urban nuclei. Finally, 
the most significant threshold leap occurs with the selection of road network arcs based on a 
concentration of more than 1,000 homes at a search radius of 1,000 m measured on the network (Figure 
6.15).  
             
(a)                                                                                                                   (b)                                                                                                                         
            
(c)                                                                                                                    (d) 
Figure 6.15. Selection of arcs of the road network and (d) topography in the northern section of Granollers with the attribute of 
accessing other arcs within a radius of 1,000 m which jointly support: (a) more than 15,000 homes, (c) more than 2,000 homes, (d) 
more than 1,000 homes (Source: Own elaboration from data provided by the Cartographic and Geological Institute of Catalonia 
and The Ecological Research and Forestry Applications Centre).  
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Comparing the results of the immediately previous selection, which considers a concentration of over 
2,000 homes, we clearly observe the emergence of urban structures which do not correspond to 
compact urban nuclei. The condition of over 1,000 homes reveals areas of the urban field of 
heterogeneous mosaic and supramunicipal scope, at the same time guaranteeing residential critical 
mass. 
The selections made with the combination of industrial, tertiary and irrigated agriculture uses display 
relationships of labour market-residence proximity, and of production of proximity foodstuffs. The 
intention is to identify strips of mixed uses capable of being transformed in order to endow them with 
greater urbanity in the event that they support a particular critical mass. In the case of the territories of 
housing and industry, we observe that the three significant threshold leaps correspond to the following 
conditions: (a) more than 500 homes and 300,000 m2 of industrial land covers, (b) more than 500 homes 
and 100,000 m2 of industrial land covers, and (c) more than 500 homes and 50,000 m2 of industrial land 
covers. The decrease of the surface area value of industrial land requested on the basis of these three 
leaps does not signify significant incorporations of arcs into the revealed structures. In the first case, it is 
notable that the illuminated areas do not necessarily correspond to the most populated nuclei. A large 
number of medium-sized nuclei appear which have a condition of strategic proximity with regard to the 
industrial estates. As the queried industrial land area diminishes, certain illuminated areas tend to be 
added, forming other areas of greater size. 
With regard to the incorporation of the specialised tertiary land covers, the significant threshold leaps 
correspond to the following conditions: (a) more than 500 homes and 50,000 m2 of specialised tertiary 
land covers, (d) more than 500 homes and 6,000 m2 of specialised tertiary land covers, and (f) more than 
500 homes and 1,000 m2 of specialised tertiary land covers. In the first case only the two nuclei of more 
than 50,000 habitants are partially illuminated. In the second case there appears a constellation of nuclei 
and even certain areas which do not correspond to urban nuclei. In the third case, axes of concentration 
of housing-tertiary critical mass can be seen. 
With the combination of housing and land covers of irrigated agriculture we can establish three 
significant threshold leaps which correspond to the following conditions: (a) more than 500 homes and 
250,000 m2 of irrigated agricultural land covers, (c) more than 500 homes and 60,000 m2 of irrigated 
agricultural land covers, (f) more than 500 homes and 5,000 m2 of irrigated agricultural land covers. In 
the first case, certain axes of concentration are observed which are clearly linked to certain roads without 
necessarily including urban nuclei. In the second case, the axes appearing with the first condition 
including urban nuclei in the selections are completed. In the third case, the reading of axes of housing 
and croplands in combination with the emergence of most of the urban nuclei is illuminated and 
intensified.  
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In summary, the trip generation and diversity indicators are identified as instruments of diagnosis of the 
intermediate urban mosaic. Their potential for graduated identification of the areas of concentration of 
activity has been demonstrated. The visualisation of the different ranges of residential density, combined 
with other specialised uses, has revealed areas of the intermediate urban mosaic with a certain critical 
mass of activity for undertaking transformations of intensification of their structure and urbanity. 
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7. Gateways. The identification and evaluation of potential nodes and strips accessing the 
intermediate urban mosaic  
One of the stated objectives has been to characterise the road network as a central and vertebrating 
element of the intermediate urban mosaic, in relation with the spread of activity in the territory. The aim 
of the present chapter is to provide a response to this need. The intention is to explain the road with 
regard to its territorial hinterland, to the territories of proximity which it supports – the road understood 
as the anteroom of access to the activity-road network binomials which have been described in Chapters 
5 and 6.  
The spatial analysis methodology proposed in this case is the downstream visualisation method. As has 
been described and formulated in Chapter 4, “Data and Methods,” it is a matter of loading the activity 
of the territory onto the road network. It is considered that this approach can make a notable 
contribution to characterising the road as a structuring element.  
The expected results are the graduation of the intensities of activity in the territory fixed in the non-
segregated road network as a whole. It is anticipated to be able to distinguish between the road sections 
according to their topological role in order to establish categories and detect privileged points.  
7.1. Data preparation 
The preparation of the data consists in establishing the roadway hierarchy which has to perform the role 
of principal network and storage of the surface area of each land cover associated with each arc of the 
road network. 
On one hand, the starting point consists of the two unconnected subsets of arcs of the non-segregated 
road network, as has been explained in Chapter 4, “Data and Methods”: (1) the principal road network 
which contains the catalogued roads and (2) the secondary road network which contains the rest of the 
arcs of the road network. 
In addition, the set of surface areas of each land cover associated with each arc of the road network is 
stored by means of the Voronoi-based land-use micro-catchment areas method. 
This approach will make it possible to apply the calculation method of territorial catchment areas 
associated with the principal network by means of the downstream visualisation method. The result of 
this set of processes is the obtainment of the surface area of each land cover which depends on an arc 
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of the principal road network. It should be recalled that the aim is to establish territorial catchment areas 
which encompass all the micro-catchment areas of the secondary network which are located closer to 
an arc of the principal network than to any other, measuring the metric distance on the network. We 
considered the non-segregated road network as a graph 𝐺 , with the unconnected subsets 𝐺1 and 
𝐺2 representing the principal and secondary road networks, respectively, taking as nodes the mid-points 
of the network segment. In this way, the value 𝐷𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖 ∈ 𝐺1] is defined: 
Equation 11:  
𝐷𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚𝑊
𝑟 [𝑖 ∈ 𝐺1] =  𝑊[𝑖 ∈ 𝐺1]  + ∑ 𝑊[𝑗 ∈ 𝐺2]
𝑗∈𝐺2∶ 𝑑[𝑖,𝑗]<𝑑[𝑘,𝑗] ∀ 𝑘≠𝑖
 
 
with 𝑟  representing a maximum radius of influence from the principal network, 𝑊  the weight 
corresponding to the attribute to be considered for each node and 𝑑[𝑖, 𝑗] a minimum distance between 
the nodes 𝑖 and 𝑗 measured on the network. In our case, we will take an infinite radius 𝑟 in order to assign 
all the arcs of the road network to the principal road network. As for the weight 𝑊, the surface area of 
each land cover indicated in Chapter 4 will be taken. The storage of the results obtained for each arc of 
the principal road network take the form shown in Table 7.1. 
 
Table 7.1. Scheme of the storage table of the surface areas of each land cover associated with each arc of the principal road network 
by means of the downstream visualisation method. 
These values are visualised on the arcs of the principal road network, following the grouping of land 
covers proposed in the “Data” section of the “Data and Methods” chapter: residential and mixed 
residential urban system (USrrm), specialised urban system (USs), productive natural system (NSp) and 
non-productive natural system (NSnp). In a complementary manner, the trip generation and diversity 
indicators will be applied in order to interpret the results. Finally, the depth lines obtained are visualised, 
which by definition univocally unite each arc 𝑖 ∈ 𝐺2 of the secondary network with an arc 𝑗 ∈ 𝐺1  
belonging to the principal network. The depth lines store the distance value 𝑑[𝑖, 𝑗] calculated on the road 
network as a whole. 
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Land cover code (A: Area of each land cover)
USrrm USs NSp NSnp
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7.2. Downstream visualisation in the Vallès Oriental 
Below we present the results obtained by means of visualisations of the data involved.  
The first set of graphic outputs corresponds to the downstream accumulation of the land covers 
accessible from each arc of the principal road network. The results obtained are presented with no 
standardisation, expressing the values with the line thickness with proportions from 0.5 to 7, considering 
five classes, which are classified with the Natural Breaks method already implemented in the ArcGis 
software. The Jenks algorithm groups similar values and maximises the difference between the classes 
considered (Jenks, 1967). In order to distinguish the contribution of each land cover, the same colours 
are used as in the “Data and Methods” chapter to visualise the groupings of this type of information 
(Figures 7.1, 7.2, 7.3, 7.4, 7.5 and 7.6). 
In the second place, the trip generation activity indicator is applied, with the procedure described in the 
“Data and Methods” chapter. The results obtained are presented with logarithmic standardisation, 
expressing the values with a colour ramp, considering 25 classes, which are classified with the Natural 
Breaks method already implemented in the ArcGis software. In order to emphasise the highest values, 
the line thickness of the last three highest-value classes is increased, maintaining the colour of the 
chosen colour ramp (Figure 7.7). 
In the third place the diversity indicator is applied, with the procedure described in the “Data and 
Methods” chapter. The results obtained are presented with no standardisation, expressing the values 
with a colour ramp, considering 15 classes, which are classified with the Natural Breaks method already 
implemented in the ArcGis software. In order to emphasise the highest values, the line thickness of the 
last three highest-value classes is increased, maintaining the colour of the chosen colour ramp (Figure 
7.8). 
In the fourth place, the depth lines graduated with a colour ramp are visualised, considering five classes 
which correspond to the modes of transport, which are classified manually with the following ranges: (1) 
0-500 m for walking, (2) >500-1,000 m for short-distance cycling, (3) >1,000-2,000 m for long-distance 
cycling, (4) >2,000-5,000 m for short-distance private vehicle and (5) >5,000-12,500 m for long-distance 
private vehicle, which is the highest registered value (Figures 7.9 and 7.10). 
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Figure 7.1. Downstream visualisation of land covers: residential and mixed residential urban system (USrrm). 
 
 
Figure 7.2. Downstream visualisation of land covers: specialised urban system (USs). 
 








Figure 7.4. Downstream visualisation of land covers: non-productive natural system (NSnp). 
 
 








Figure 7.6. Downstream visualisation of land covers: productive natural system and non-productive natural system (NSp+NSnp).  
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Figure 7.7. Downstream visualisation: Trip Generation indicator. 
 
Figure 7.8. Downstream visualisation: Diversity Indicator. 
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Figure 7.9. Downstream visualisation: Trip Generation indicator and depth lines.
 
Figure 7.10. Downstream visualisation: Diversity indicator and depth lines.   
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7.3. Towards a taxonomy of gateways 
For a more in-depth interpretation of the results obtained, it is proposed to conduct a more detailed 
analysis which compares the physical reality with the relational characterisation obtained with the 
downstream visualisation method.  
The approach takes as reference the principal attributes which have been obtained for the principal road 
network to classify the resulting territorial gateways and interpret the relationships existing between 
them. The three attributes considered are: (1) the trip generation indicator, (2) the diversity indicator 
and (3) depth lines. The starting point is the hypothesis that the combination of these three values makes 
it possible to characterise the gateways of the intermediate urban mosaic.  
7.3.1. Gateways 
The references taken are the relational maps of Figure 7.9 and Figure 7.10, which represent the trip 
generation and diversity indicators along with the depth lines associated with the downstream 
visualisation method. In addition, the conventional physical cartography of the Cartographic Institute of 
Catalonia is consulted online, when appropriate, to the level of detail 1/5,000, and work is done with the 
“in-house” figures gathered in Chapter 4, in which the land covers are represented. The study of the 
three basic components identified above makes it possible to establish up to seven categories of 
gateways according to the presence and intensity of the said ingredients: (1) trip generation indicator, 
(2) diversity indicator and (3) depth lines. Below we set out the descriptions of the six gateways which 
have been identified (see Figures 7.9 and 7.10). 
 
A1) These are the principal medium-sized cities of the polynuclear territory, in which we observe a 
concentration of various nodes with high values of trip generation, low diversity due to the 
predominance of road grids with confronting mixed residential land covers and low depth due to the 
high density of the principal road network found here. They are easy to distinguish by the accumulation 
of pearls of trip generation with short blue depth lines. 
 
A2) This category corresponds to the other urban nuclei of lesser dimension. In this case we observe high 
values of trip generation, with diversity values considerably higher than in the A1 case due to the 
proximity of the perimeters contact between settlements and open spaces. The depths can be higher 
than in the A1 case since the road density is typically less. 
 
A3) The type A3 gateways represent the accesses to large and medium-sized groupings of low-density 
residential areas. Substantial values of trip generation and high values of diversity are registered because 
Taming the Road | Josep Mercadé Aloy | 158 
 
these are territories in which the groupings of settlements are absorbed into the heterogeneous mosaic 
of the agricultural or natural open spaces. The depth in this case can reach quite high levels, since these 
groupings of settlements are located inland from the penetration axis of the road. Occasionally we 
observe here only substantial depths and on other occasions there is a combination of various depths. 
This latter situation occurs when there is some type of urban nucleus linked to the road or certain 
groupings of economic activity located in the front line of the hinterland of the road. 
 
B) The areas of economic activity corresponding to the specialised territories are presented with nodes 
of trip generation of medium value, with a medium diversity due to the proximity of the contact 
perimeters with the open spaces and/or the condition of forming sets of groupings with intermediate 
open spaces. The depth of these gateways is low because of the tendency of this type of settlements to 
be practically stretched out along the road. 
 
C1) The C1 case constitutes an exception in the repertory as a whole, which necessitates describing it in 
order not to confuse the reader. In certain cases, arcs of significant relative length are observed which 
display very high values of diversity but do not have depth. The fact of not having depth means that there 
is no inland territory to access. These are road segments in which there are no intersections, but in 
contrast the mosaic immediately confronting both sides is very heterogeneous. The importance of this 
type of gateway is much less than those described above, because values of inland territory are not being 
interpreted. In any case, these are transition road segments between groupings of activity. 
 
C2) This category represents those gateways of the intermediate urban mosaic in which low quantities 
of trip generation, medium values of diversity and generally low depths are registered. They are areas 
where there are few settlements, spatially distributed in a very dispersed manner, with a significant 
presence of cropland and fragments of non-productive natural covers. The settlements can be of very 
variable nature, from small urban disseminates to isolated areas of economic activity. Often the more 
secondary transition roads towards the territories of lesser presence of urban continua display a 
considerable number of this type of gateways. 
 
C3) The gateways of category C3 display very low values of trip generation with diversity levels which are 
also low in most cases. In contrast, the depths are very high. These are the accesses to the natural open 
spaces where we find a low density of roads and therefore substantial depths in running through inland 
territory. 
 
Figure 7.11 shows the physical location of the identified gateways. Table 7.2 summarises the proposed 
classification, indicating the groups of land covers with a greater or lesser presence in each case. 
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Table 7.2. Classification of gateways according to the values registered on the basis of the trip generation indicator, diversity 
indicator and depth lines. 
Code
Trip generation 1-5             
(1 high / 5 low)
Diversity 1-5       



















































A1 1,2 (3),4,5 1*,2 city 1 1 1
A2 1,2 1,2,(3) 1,2,(3) urban nucleus 1 1 1
A3 (1),2 1,2 1,2,3*,4* residential urban sprawl 1 1 1 1 1
B 2,3 (1),2,3 1*,2*,3 Economic Activity 1 1 1
C1 4,5 1,2 0 0-depth segments with heterogeneous mosaic 1 1 1
C2 (3),4,5 (1),2,3 1*,2*,(3),(4) low activity heterogenous mosaic 1 1 1 1
C3 4,5 4,5 (1),(2),3,4*,5* natural non-productive mainly 1 1
depth
* prevailing value 0/ 0m
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7.3.2. Chains of gateways and axes in the Vallès Oriental 
The identified gateways of the intermediate urban mosaic are not isolated. Rather, they form chains 
which link up to trace the road axes of the Vallès Oriental with a unique syntax in each case. The chains 
make reference to the succession of typologies of gateways at short distance and the axes speak to us 
of the role of the roads in the built environment as a whole. The identified chains of gateways are 
described below: 
(1) C3C2  
The C3C2 chains occur in territories of transition towards natural open spaces. They are sections of axes 
of penetration which combine the intermittent presence of C2 gateways, which give access to groupings 
of activity of little entity and depth with regard to the axis of the road, with C3 gateways which permit 
access to the capillary and path networks which spread across the natural open spaces. One example of 
this type of chain of gateways is found at the eastern end of the BV-1489 road which connects with the 
axis of the C-17 road in the nucleus of Figaró, penetrating towards the foothills of the Bertí cliffs. The 
presence of groupings of settlements and activities is observed, including the tennis courts situated 
immediately to the north of the point where the photograph of Figure 7.12 is taken, along with the depth 
lines which indicate the accessible natural open spaces. 
Figure 7.12. Chain of C3C2 gateways on the BV-1489 road: downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
 (2) C3A2 
These chains of gateways correspond to those road sections in which the transitions between the small 
urban nuclei and the natural open spaces occur in a more abrupt manner, without the presence of 
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transition mosaics with a significant degree of anthropisation. The example shown in Figure 7.13 
corresponds to the BV-1245 road to the west of Castellterçol which enters the most wooded sectors of 
the municipal district. 
Figure 7.13. Chain of C3A2 gateways on the BV-1245 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
(3) C2A2 
The intermediate roads, whether or not absorbed into the territories of urban continua, often run 
through small and medium-sized urban nuclei forming A2 gateways, between or adjoining which we can 
identify heterogeneous mosaic with the presence of croplands and groupings of settlements and 
activities of little or medium entity. These chains of transition between urban nuclei and the 
crystallisation of areas of more scattered settlements which are absorbed into generally productive open 
spaces are indicated with the code C2A2. The example taken is the section of the BV-5301 / C-743 road 
which runs along the right bank of the River Tordera between the nuclei of Sant Esteve de Palautordera 
and Santa Maria de Palautordera. The photograph included in Figure 7.14 shows the presence of a 
segregated path for walking and cycling, parallel to the roadway.  
(4) C2C2 
We have defined the C2 gateways to characterise those road sections in which there are low values of 
trip generation, medium diversity values and generally low depths. We should recall that these are 
scattered fragments of activity with the presence of small urban disseminates, small residential 
developments, occasional areas of economic activity and agricultural mosaic. We often find road 
sections characterised by a succession of this type of gateways without the presence of urban nuclei of 
a certain size as is the case of the C2A2 chains. The example proposed corresponds to the BV-5151 road 
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between Granollers and Cànoves (Figure 7.15). Although it includes the nucleus of Corró d’Amunt, it is 
not considered in the A2 category because of its small size. 
Figure 7.14. Chain of C2A2 gateways on the BV-5301 / C-743 road: Downstream visualisation on orthophotomap, orthophotomap 
of detail and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
Figure 7.15. Chain of gateways C2C2 on the BV-5151 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
(5) C2A3 
Similarly to the C2C2 chains, these are road sections without the presence of urban nuclei which serve 
the same diversity of groupings of settlements and activity in a mosaic of highly anthropised open spaces. 
We occasionally find here low-density areas of a certain size, which are generally located at a certain 
depth from the axis of the catchment road. We observe, then, the presence of heterogeneous mosaics 
which occasionally support low-density residential areas. The example presented is located on the BV-
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5108 road between the municipalities of Cardedeu and Cànoves at the point where the main road of the 
Pungoles development lies (Figure 7.16). 
Figure 7.16. Chain of C2A3 gateways on the BV-5108 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015).  
(6) A3C2 , (7) A3A2  
                      
(a)                      (b)                                                                            (c) 
Figure 7.17. North-south axis of the BV-1602 and BV-1435 road between the municipalities of Parets del Vallès and Bigues: (a) road 
network with settlements and hydrography, (b) downstream visualisation with trip generation indicator, (c) downstream 
visualisation with diversity indicator.  
In the case of chains with a predominance of A3 gateways, attention will be focussed on the urban 
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between the municipalities of Parets del Vallès and Bigues, and the east-west axis of the C-1415b road 
between the municipalities of Caldes de Montbui and Canovelles (Figures 7.17, 7.18, 7.19 and 7.20). This 
area has already been the object of various works addressed to endowing it with urban structure, even 
within the framework of the concept of retrofitting suburbia (Vall et al., 2011). This is an intermittent 
mosaic of open spaces and settlements, with a predominance of residential configurations of low 
density. 
For the A3C2 chain, the example proposed is a node situated to the north of Parets del Vallès at the 
intersection between the C-155 and BV-1602 roads. It is characterised by forming a gateway towards 
the north-west, by means of a passage which intersects the road perpendicularly. Above this road 
element there are facilities such as a school and the Town Hall of Lliçà de Vall, at little depth with regard 
to the road. Inland from this point, the passage gives access to low-density residential areas which 
contribute notably to increasing the number of trips generated here. This is a C2 gateway at low depth 
with A3 character inland (Figure 7.21).  
 
Figure 7.18. North-south axis of the BV-1602 and BV-1435 road between the municipalities of Parets del Vallès and Bigues: road 
network with settlements and land covers. 
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Figure 7.19. North-south axis of the BV-1602 and BV-1435 road between the municipalities of Parets del Vallès and Bigues: road 
network with downstream visualisation characterisation, settlements and hydrography.  
  
𝑉11                                                                       𝑉12                                                                       𝑉13 
   
𝑉14                                                                       𝑉15                                                                       𝑉16 
   
𝑉21                                                                       𝑉31                                                                      𝑉32 
Figure 7.20. Photographs of the north-south axis of the BV-1602 and BV-1435 road between the municipalities of Parets del Vallès 
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For the specific A3A2 chain, the example taken is the BV-1602 road in Lliçà d’Amunt. This node has great 
importance in terms of the trip generation registered here. This place corresponds to the southern 
nucleus of Lliçà d’Amunt, which lies on both sides of the road, with an industrial estate on the eastern 
side. In addition there is the true umbilical cord of part of the large low-density areas located to the west 
of the road. In this respect, this is a gateway of considerable depth. The diversity values are high due to 
the presence of a wide range of land covers, as is seen in Figure 7.22. This is an A2 gateway at low depth 
with a predominance of A3 character at greater depth. 
Figure 7.21. Chain of A3C2 gateways at the intersection between the C-155 and BV-1602 roads: Downstream visualisation on 
orthophotomap, orthophotomap of detail and capture of photograph. Googlemaps. https://www.google.es/maps (accessed 
August 1, 2015).  
 
Figure 7.22. Chain of A3A2 gateways on the BV-1602 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
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 (8) A2BC2  
We are now in territories where urban continua may or may not predominate, in the sense that the 
spheres of influence of proximity of the urban nuclei may be more or less overlapped. In any case, we 
want to refer to those roads which pass through consolidated A2 urban nuclei and then enter a 
heterogeneous mosaic of settlements and open spaces. This is a base conglomerant characterised by C2 
gateways featuring nodules of industrial estates and/or areas of B economic activity of a certain 
importance. This type of chains can present more or less saturated situations from the point of view of 
the presence of settlements. We find these chains both in territories with a predominance of axes of 
polarisation of activity and in situations where the road network has more of a grid layout. In the first 
case these chains are more isolated, and in the second case they link together to form urban continua. 
The example which has been considered corresponds to the first of these cases. This is the C-251 road 
as it passes through Llinars del Vallès, where a transition occurs towards the open spaces to the east by 
way of industrial estates and other gateways of little depth of the C2 type. 
Figure 7.23. Chain of A2BC2 gateways on the C-251 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015).  
(9) BC2  
These are intermediate territories with no presence of urban nuclei where there are intermittent areas 
of industrial estates and/or areas of economic activity of a certain significance, absorbed into a 
heterogeneous mosaic which supports a multiplicity of C2 gateways. This conglomerant displays smaller 
groupings of activity along with residual productive open spaces in a broken manner and often lacking 
structure. The example proposed is located on the BV-5003 road which runs along the right bank of the 
River Congost. This road supports practically continuous industrial estates between the urban nuclei of 
Montmeló and Granollers. 
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Figure 7.24. Chain of BC2 gateways on the BV-5003 road: Downstream visualisation on orthophotomap, orthophotomap of detail 
and capture of photograph. Googlemaps. https://www.google.es/maps (accessed August 1, 2015). 
With the chains of gateways which have been identified, the aim is to classify the grid-layout roads and 
territories on the basis of the rhythms of chains of gateways which they support in each case. Below we 
list the five categories which have been established and are shown in Figure 7.25: 
 (1) Axes of transition towards natural open spaces 
The areas with a predominance of natural open spaces are characterised by a spreading of the road 
network, generally tree-lined, fixing their axes of penetration in relation with the valleys. The chains of 
gateways found here are generally of the types C3C2, C3A2, C2C2 and C2A2. In general, these territorial axes 
support urban nuclei at a sufficient equidistance to distinguish their sphere of influence of proximity. 
These urban nuclei, A2 gateways, are found in C3A2 and C2A2 chains according to the degree of 
penetration into the natural environment. In the first case they are settlements from whose proximity 
there spreads the network of paths of penetration into the natural open spaces. We observe high depth 
lines denoting this fact. In the second case there is a prevailing presence of C2 gateways of much less 
depth. The sections in which there are no urban nuclei display C3C2 chains in those places where the road 
enters the natural systems and C2C2 chains in those intermediate sections with a prevalence of 
heterogeneous mosaic with settlements and agricultural open spaces. 
(2) Low-activity sections and heterogeneous mosaic with croplands 
The low-activity sections with a heterogeneous mosaic of croplands are clearly distinguishable due to 
the low level of trip generation and the moderate depth of their gateways. The common ingredient which 
binds together the small nodules of activity found here is the agricultural matrix. The chains of gateways 
which can be identified here are of the types C2A2 , C2C2 and C2A3. The C2C2 chains have a constant 
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presence in these road sections. In contrast, the A2 urban nuclei and A3 residential developments of a 
certain dimension are occasional and much more sporadic, and always form part of C2C2 and C2A3 chains, 
respectively. 
(3) Low-density axes 
The support axes of the large low-density residential areas are clearly distinguished by the intermittent 
presence of A3C2 and A3A2 chains of double depth. In both cases they give access to the large low-density 
residential areas, which are generally located a certain distance from the road axis. The intersection of 
the umbilical cord of these developments with the road constitutes, at the same time, a C2 or A2 gateway 
of low depth. In the first case we find small groupings of specialised facilities or areas of economic 
activity. In the second case they are consolidated urban nuclei. The double depth of these chains, with 
settlements confronting the axis of the road and residential areas further inland, is their principal 
characteristic. The intermediate sections in which there are no accesses to the residential areas or urban 
nuclei are very similar to those described for the sections of low activity and heterogeneous mosaic with 
croplands. 
(4) Activity polarisation axes 
The activity polarisation axes correspond to roadway corridors of a certain territorial importance. The 
nodes of trip generation accumulation are quite important and the depth of the accessible territories is 
variable. These are axes in which there predominate C2 gateways of access to the highly anthropised 
heterogeneous mosaic, with intermittent presence of chains of the A2BC2 type and of A3 gateways of 
access to sporadic low-density residential areas. The principal characteristic is the presence of medium-
sized A2 urban nuclei at a certain equidistance on the road axis, which are accompanied by the ingredient 
of industrial estates and/or areas of economic activity B in their outskirts or immediately adjoining the 
most consolidated part of these nuclei.  
(5) Grid-layout urban continua  
The so-called “intermunicipal urban continua” are clearly distinguished because they correspond to 
areas where there is a greater density of major road network with a more grid-type layout. This fact is 
accompanied by a greater density of nodes with high levels of trip generation and low depths. Strings of 
this type of points are observed, with a predominance of blue lines of low depth. The composition of 
these chains of gateways oscillates between the types A2BC2 and BC2 according to the presence or 
otherwise, respectively, of urban nuclei. The common element in both cases is the ingredient B, which 
corresponds to the industrial estates and other areas of specialised economic activity.  
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(a)                                                                                                                         
 
(b) 
Figure 7.25. Classification of road sections according to the combination of chains of gateways: (a) topography, (b) classification of 
road sections.  
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The possibility of a characterisation of the road axes and grid-layout urban continua on the basis of (1) 
trip generation indicator, (2) diversity indicator and (3) depth lines clearly entwines with the object of 
many of the approaches included in the state of the art. In the first place we want to make reference to 
the morphotypological reading expressed in section 2.4, which demonstrated the importance of certain 
cartographic productions to detect the mechanisms of production and transformation of the built 
environment (see, e.g., Boeri, 1993; Font et al., 1999; Font, 2012). In the second place, we want to refer 
again to the PTMB and its strategies of development for the system of settlements which gives rise to 
specific determinations: (i) for the intermunicipal urban continua and (ii) for the urban nuclei and areas 
and for specialised areas which are not substantially located in intermunicipal urban continua 
(Generalitat de Catalunya, 2010), along with the adoption of the categories of road network which 
include their potential structuring role. Finally, we want to refer again to the evidence and needs 
detected on the basis of the management of the roads of the Provincial Council of Barcelona which make 
reference to their planning and management, the nature of the users and the surroundings and 
environment, among other aspects. Here we are speaking of the contributions made by Izquierdo (2008) 
demonstrating the multifunctional role of the intermediate road network defining the surroundings of 
the road in various interventions in the following manner: (1) natural surroundings with protected zones, 
(2) rural surroundings, (3) periurban industrial surroundings, (4) periurban surroundings, (5) suburban 
surroundings and (6) urban surroundings with main streets and cross streets. 
 
In summary, what it is sought to demonstrate is that the mapping of the trip generation nodes, the 
diversity of road sections and the representation of the depths of activity depending on them makes a 
notable contribution to a more objective characterisation of the road axes. 
7.4. Discussion 
We have loaded the spread of activity of proximity downstream onto the non-segregated road network. 
The results display the existence of privileged nodes and strips of the intermediate urban mosaic which 
do not necessarily coincide with the original nuclei of the municipalities. A minutely-detailed study of 
each of the proposed visualisations makes it possible to carry out interpretations for each grouping of 
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 (a)                                                                                                                 (b) 
             
 (c)                                                                                                                   (d) 
Figure 7.26. Downstream visualisation of land covers and (d) topography in the northern section of Granollers: (a) residential and 
mixed residential urban system (USrrm), (b) specialised urban system (USs), (c) productive natural system (NSp).  
(1) In the case of the residential and mixed residential urban system (USrrm), a non-continuous 
filamentous support is detected, that is, of little residential content, which is intermittently colonised by 
concentrations of housing. The original nuclei, marked in black, are located mainly at the crossing points 
of the filaments. The growths and extensions of medium density tend to form continua of homogeneous 
intensity, while the concentrations of urban fabrics of lesser density are illuminated as isolated pearls on 
the trunks of the filaments. The roads which support greater concentrations of low-density residential 
fabrics, not necessarily related with the original nuclei, are clearly represented as elements which thread 
together a significant number of pearls of considerable thickness (Figure 7.26.a). 
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(2) In the case of the specialised urban system (USs) we observe a more elongated spatial configuration, 
forming strips, which in some cases form more grid-based structures (Figure 7.26.b). 
(3) The productive natural system (NSp) is expressed in strips which progressively increase the quantity of 
activity in the centres of the roadway trunks, showing decreases of concentration on approaching the 
intersections between roads (Figure 7.26.c) 
(4) The non-productive natural system (NSnp) is revealed in certain axes of penetration which progressively 
increase their content in land covers. 
(5) The combination of the trip generation and diversity indicators along with the depth lines makes it 
possible to characterise the gateways of the intermediate urban mosaic and establish the chains of 
gateways which in turn combine to draw up a taxonomy of the roadway axes. 
A comparative analysis of the physical mapping and the morphological elements of the territory with the 
results obtained with the downstream visualisation method applying the trip generation and diversity 
indicators, in combination with the study of the depth lines, makes it possible to distinguish up to six 
typologies of territorial gateways. These territorial gateways occur in a particular syntactic combination 
which we have called chains. The chains of gateways combine, in turn, establishing the semantics of the 
roadway axes. A taxonomy is established which identifies: (1) Axes of transition towards natural open 
spaces, (2) Sections of low activity and heterogeneous mosaic with croplands, (3) Low-density axes, (4) 
Activity polarisation axes and (5) Grid-shaped urban continuum. The description provided by each of 
these labels contributes notably to understanding the structuring role of the road beyond its condition 
of support for through traffic and proximity traffic. This allows for an evaluation of the potential of 
reading the structuring role exercised by the road understood as the anteroom of the spread of activity. 
The multiplicity and variety of gateways provide a relational reading of the weights supported by the 
roads, demonstrating the condition of access to and catchment of their hinterland. 
We have seen that the mapping of the values of concentration of each land cover on the roadways 
constitutes a powerful instrument of interpretation of the logic of their spreading process. The trip 
generation and diversity indicators, in combination with the depth lines, have revealed and characterised 
the gateways of the territory. Special value must be given to the classification of the gateways in the 
different roadway sections for a clustering of endowments and services of proximity in view of their 
condition of hinges of the territory. In this respect, the mapping of the gateways of the intermediate 
urban mosaic is valued as an instrument for the future urban planning of supramunicipal scope. 
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8. Taming the road. The activation of road network - activity concentration binomials towards 
intermediate urban mosaic retrofitting  
The centrality measures have revealed the enclaves and their structuring roadway layouts at the 
different scales of proximity. The visualisations based on the upstream method have displayed the 
spheres of influence of each arc of the road network, showing the linking structures of the scattered 
activity according to its critical mass. Downstream characterisation has revealed the privileged nodes of 
the territory from the perspective of the non-segregated road network, considering the activity of its 
hinterland. It only remains to deal with the general goal of this study, which consists in establishing 
criteria for retrofitting the intermediate urban mosaic by means of quantitative methods of spatial 
analysis. It is proposed to articulate the three approaches for establishing a diagnosis methodology which 
will open the doors to the definition of intervention strategies and retrofitting.  
In order to undertake this synthesis of concepts, it is considered necessary to establish a more specific 
context. Chapters 5, 6 and 7 have developed the case study outlined in Chapter 4, the district of the 
Vallès Oriental, as if it were a generic and unknown territorial mosaic. Accordingly, in order to maintain 
greater objectivity, at no time have the interpretations of the generated results been referred to the 
toponymy or the specific knowledge of its interior features beyond what is strictly necessary. Having 
reached this point, it is necessary to establish a more delimited and tangible arena in which the 
information-based interpretations are subjected to an intentional development. 
We propose to continue working with the same case study within the framework of the PTMB. This 
territorial planning instrument has already conducted in detail the analysis and definition of strategies 
of urban planning and metropolitan nodal strengthening. In fact, its contents have been used on several 
occasions in the development of Chapter 2 to refer: (1) to the recognition of the structuring potential of 
the intermediate road network, and (2) to the evidence of the need for a retrofitting of the intermediate 
urban mosaic. For this reason, it is considered indispensable to frame the contents of this chapter in this 
context. Additionally, a second restriction is made, referring to the scope of the analysis to be 
undertaken. Specifically, it is proposed to establish the needs of urban renovation and of strengthening 
of the economic activities from the articulation of the roadway axes which structure the urban and 
economic activity, paying special attention to the railway nodes which affect this territory. The purpose 
of this formulation is to direct efforts to an important issue for the improvement of people’s quality of 
life within the framework of a model of sustainable territorial development. The specialised fabrics of 
proximity to the urban systems of more residential content are read from the twofold condition of (1) 
being a potential integratable local labour market capable of intensifying its urbanity and (2) becoming 
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clusters of economic activity at the service of territories which escape from the strictly local scope. The 
appearance in the equation of the railway nodes is unavoidable for attaining more desirable mobility 
patterns within the intermediate urban mosaic. The railway reading will permit a more selective 
activation of the road network of proximity. 
In the first place, the intention is to frame the conception of this chapter in relation with the contents of 
the PTMB, with certain current matters in relation with the coinciding mobility infrastructures and with 
the characteristics of the industrial estates. This approach is addressed to fixing the base hypotheses on 
which the contributions of this chapter are developed. Therefore, in the second place, work will be done 
on the diagnosis and establishment of criteria and strategies for retrofitting the intermediate urban 
mosaic.  
The expected result is a continuity between spatial analysis and proposal. The graphic documentation of 
this chapter is not set out in the form of figures as has been done in the previous chapters. The 
formulation of an analysis of synthesis, including specific strategies of territorial transformation, makes 
it advisable to work on the format of series of maps which are annexed to this dissertation (see Appendix 
A).  
8.1. Setting the scene within the Regional Planning (PTMB) and the economic activity areas in the Vallès 
Oriental 
Chapter 4 described the characteristics of the geomorphology of the Vallès Oriental district, along with 
the general proposals formulated by the PTMB for this territory. The following subsections will focus 
attention on identifying certain aspects of the contents of this planning which contribute to fixing the 
starting point of the proposed spatial analysis. In addition, we want to mention some initiatives of various 
origins which centre their attention on the system of mobility infrastructures. These are the proposals 
for constructing new stations on the existing railway lines and for the bypass project for the C-17 road. 
Finally, a brief description is given of the industrial estates located in the analysed territory, since the 
spatial configuration of their fabrics and the economic activities performed there condition to an 
enormous extent their potential role in the urban system. 
8.1.1. Some clarifications regarding the PTMB  
With a more specific character for the purpose expressed here, mention must be made of certain 
intervention criteria which are included in the written documentation of the PTMB (Generalitat de 
Catalunya, 2010). Thus, among the criteria of the Territorial Programme of Catalonia stated in the 
memorandum of the PTMB, the following are of special interest to the purposes of this chapter: (5) 
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favouring the social cohesion of the territory and avoiding the spatial segregation of the urban areas; (8) 
propitiating the coexistence of activities and housing in the urban areas and rationalising the 
implantation of industrial or tertiary estates; (11) strengthening the nodal structure of the territory 
through urban growth; (13) facilitating public transport by means of polarising and compacting the 
settlement systems; (14) paying special attention to the road network which structures territorially the 
urban developments (according to the order established in the PTMB, 2010). In addition, five operative 
principles are proposed for inclusion in these lines, in view of their importance:  
- The road network of metropolitan scale, in addition to its functional purposes, has to play a 
retrofitting role of the set of urban settlements and, in particular, of its peripheral sections. 
- Efficient use of the land. The reuse, renovation or reform of the existing urban land are 
preferable to new extensions of urbanisation. In any case, these have to have sufficient intensity 
of housing and urban uses. 
- Nodality. Urban extension, which will also be necessary, must be oriented primarily to nodal 
strengthening: increase of the status of the cities and creation of centralities and articulations 
in the continuous systems. 
- Mixed and balanced uses. The urban planning actions of transformation and extension must 
favour a quantitative correspondence between employed population and foreseeable jobs, 
whether within the scope of the action or in a significant environment. 
- Prioritisation of collective transport. The opportunities of the railway actions – orbital line, local 
network plan, extensions of the metro – have to be approached along with the planning of uses 
and housing in order to maximise the population served by these means. 
In the same line, we want to mention Articles 4.2, 4.4 and 4.9 of the Regulations of the PTMB, which 
refer explicitly to the intermediate road network as an instrument of reference of the suburban territory. 
This matter has already been addressed in detail in Chapter 2, section 2.1.2, manifesting the recognition 
of the structuring potential of the intermediate road network. 
Finally, it must be said that the PTMB provides for the formulation of a series of supramunicipal Urban 
Steering Plans19 (PDU) which will ensure a greater coherence of the municipal urban plans20 (POUM). 
                                                                
19 The Urban Steering Plans are planning instruments included in the Catalan legislation in urbanism matters which permit, among 
other things, the supramunicipal planning. 
20 The municipal urban plans are planning instruments included in the Catalan legislation in urbanism matters which are generally 
dedicated to municipal planning. 
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Five of these are identified in the territory of the Vallès Oriental: (1) PDU of urban structuring of the 
banks of the valley of the Tenes, (2) PDU of the Baix Congost, (3) PDU of reconversion of the urban 
environment of the axis of the C-17 road between Mollet and La Garriga, (4) sector of the Cardedeu‐Sant 
Celoni axis, (5) sector of the urban environment of the Riera de Caldes stream. It is planned to take as 
reference these areas of study to frame the propositive analysis of this chapter with the determinations 
of the PTMB. However, it is proposed to subdivide the area associated with the C-17 road into two 
complementary sub-areas which we will call Baix Vallès around Mollet and the scope of the C-17 
between Parets and La Garriga.  
8.1.2 Mobility infrastructures: current situation and two prior proposals as a starting hypothesis 
As has been said in the introduction to this chapter, there are initiatives and projects on the table which 
require special attention in the territorial scope under study here.  
In the first place, we must mention the “Fem Vallès” initiative21 of installing up to twenty new railway 
stations along the lines of RENFE Rodalies 22  and the FGC 23  by the year 2015. This highlights the 
hypothesis of the conversion of the Vallès district into a true urban system, a structure which would 
strengthen all the nuclei as a whole and would also serve the industrial areas much better with nearby 
stations. It is impossible to reproduce in detail in these lines the reasoning behind each of these stations 
and the exact source of their proposal. Additionally, it should be stated that the author of this 
dissertation is a co-author of a proposal of implantation of a tram-train for the Vallès Oriental (Magrinyà 
et al., 2015): 
The proposal of a tram-train for the Vallès Oriental 
The railway accessibility of the Vallès Oriental is only adequate along the axis of the R-8 line, 
but not along the R-3. It is not probable that the R-3 line will be twinned in the coming years, 
but it would be possible to introduce a new tram-train transport system taking advantage of 
                                                                
21 The “Fem Vallès” platform was constituted to present a unified voice in the sphere of the business world of all the Vallès district 
which participates actively in matters of territory, infrastructures and mobility.  
22 RENFE is a state-owned corporation ascribed to the Spanish Ministry of Development, whose mission is the provision of rail 
transport services for passengers and goods. 
23 Ferrocarrils de la Generalitat de Catalunya (FGC) is a public corporation with legal personality which organises and operates the 
railway lines transferred to the Government of Catalonia. 
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the pre-existing infrastructure of the R-8 and the R-3, interconnecting them on the basis of two 
short layouts at either end.  
Consequently, it is proposed to construct three rail sections: 
1st linking section, connecting the R-3 with the R-8 beyond Les Franqueses, using pre-existing 
tracks and minimising the system of expropriations for the new railway. This represents a length 
of 1,992 m. 
2nd linking section connecting the R-3 and the R-8 at the other end, in the municipal district of 
La Llagosta and almost touching the Riera de Caldes stream. This layout represents a length of 
1,155 m. 
3rd section proposing an alternative layout between the existing stations of Parets del Vallès 
and Granollers‐Canovelles, which will now run along the axis of the C-17 road. Once the C-17 
has been calmed, it is proposed that the layout of this line have a central part in its cross-section 
where the tram-train passes. The track is incorporated into and disconnected from the C-17 in 
the form of a viaduct at each end. Passing along the central trunk saves all the crossings with 
the incorporations into the line. It must be mentioned that at the crossroads of the C-155 with 
the calmed C-17, an urban link is proposed at street level [...]. This layout represents a total of 
6,628 m. 
The total circuit represents 34,884 m. If we consider a speed of 45 km/h, this means that with 
three units in each direction it is possible to offer a service every 15 minutes. 
The proposal of implantation of this tram-train has been managed partially on the basis of the 
characterisation of the territory carried out by the spatial analysis methods described in this dissertation. 
We only wish to place it on record here that both initiatives will be taken into consideration when 
drawing up the analysis plans, since it is considered that they contribute notably to endowing with 
structure the urban mosaic being analysed. The tram-train proposal is shown in the series of maps 
number 3 (see Appendix A). 
In the second place we must mention the existence of a project for a bypass of the C-17 around the 
Montmeló Circuit. This scenario makes it possible to conceive a calming of the C-17 road in its Parets del 
Vallès-Granollers section which polarises industrial activity facing the road. However, in order to 
undertake this transformation, the links of the segregated roads of Mollet must be completed. For this 
reason, entry into the C-33 must be permitted from any direction at the confluence with the C-59, before 
entering Mollet. in this way, the C-17, which is already linked with the C-59, can be linked with the C-33. 
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To make this possible, two more links must be added towards the C-33 from the C-59. This last 
consideration is also taken as a necessary working hypothesis. 
In summary, it is proposed to work with the possibility of incorporating the tram-train and with the 
purpose of calming the C-17 road in its section Parets-Granollers South. Both considerations are included 
in the graphic documentation annexed to this chapter (see Appendix A). 
8.1.3. The industrial estates 
The urban transformation of the industrial sector of El Poblenou in the city of Barcelona with the 
urbanistic classification 22@ has become a referent of the city’s metropolitan planning. As is explained 
by the Barcelona City Council (Ajuntament de Barcelona, n.d.), this was a project of urban, economic and 
social renovation, creating a diverse and balanced environment in which the productive spaces could 
coexist with housing. The aim was to address efforts to constructing a scientific, technological and 
cultural platform and to create the conditions which would favour the interrelationship between the 
various professionals who work in the zone and the participation of the neighbours of the district in the 
opportunities offered by the new technologies. In this respect, the PTMB has adopted this strategy, 
indicating other areas of the metropolitan artefact which can be transformed in this line. 
The industrial estates of the Vallès Oriental on the Mollet‐Granollers axis represent one of the highest 
concentrations of economic activity in industrial estates in Catalonia, along with the Sabadell‐Terrassa 
axis, the Baix Llobregat axis or the Martorell node. Although it is not the purpose of this dissertation to 
enter into details of the characteristics of the industrial structures which coincide in the studied zone, it 
is considered necessary to give a minimum description in order to fully establish the working scenario. 
There are multiple publications and works of scientific production which have conducted this analysis 
(see, e.g., Font, 2012; Observatori del Vallès Oriental, 2013). We will take as a direct reference a specific 
study carried out by Magrinyà et al. (2015) which analyses the industrial estates involved, providing the 
basic propositive ingredients of their possible role in the urban system (Figure 8.1).  
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Figure 8.1. Industrial estates in the territory included between Mollet del Vallès and Granollers (Source : Magrinyà et al., 2015). 
Of the analysis of the industrial estates by the predominance of the different type of companies, four 
sectors warrant attention: 
Mollet area: The industrial estates of Sant Fost de Campsentelles and Martorelles (Roca, Can Fenosa and 
Can Bosquerons de Baix), with a predominance of high added-value manufacturing firms which generate 
a cluster associated with the automotive sector. These industrial estates lie very close to the station of 
Mollet and are located within the framework of what is known as the Baix Vallès. 
Granollers North area: The industrial estates of the north of Granollers with a predominance of high 
added-value companies associated with the chemical sector (Pla de Llerona and Carretera de Cardedeu). 
Logistical Area of Montmeló and La Roca: The industrial estates with a predominance of companies of 
the logistical or commercial sectors, located at the entrances and exits of the AP-7 of Granollers Sud (El 
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Congost (Montornés) and Can Parellada), on one hand; and the industrial estates located close to the 
exit of La Roca (Can Font de la Parera and Can Massaguer). 
Services Area of the calmed C-17: The industrial estates with a predominance of companies of the 
services sector which are located along the axis of the C-17 road (Sector Zeta, Can Volart, Sector Circuit, 
Llevant Industrial, Els Batzacs, Els Xops, El Pla) have a mixed character and can undergo a reconversion 
associated with the revaluing of the C-17 in the calmed section. 
Montmeló Circuit Area24: This area includes the industrial estates of Can Gordi-Can Català and Zona 
Industrial Circuit. At the moment of writing these lines, has initially been approved the “PDU of the 
Barcelona-Catalonia Racing Circuit,” with definitive approval expected in July 2015. The aim is to 
establish a new urbanistic framework to exploit the potentialities of the circuit. 
Granollers South Area: The industrial estates located along the road axis connecting Granollers with 
Montmeló, on the west bank of the River Congost, are characterised by their capacity of adaptation to 
the diversity of urban uses. This axis, with a potential of urban transformation, coincides with some 
relatively old industrial estates, which further increase this transforming potentiality, like the estates of 
the Congost Jordi Camp, the Congost Sant Julià or the Palou Nord. 
Mollet-Parets Area: The complex of industrial estates located along the axis of the C-17 between Mollet 
and Parets del Vallès, Can Magarola and Can Prat displays good conditions for a greater urban integration 
with Mollet and Parets del Vallès.  
8.2. Diagnosis and strategies: from gateways, geometric enclaves and spines and densities to retrofitting 
the intermediate urban mosaic  
The diagnosis of the results obtained from the application of the proposed topological indicators is 
presented in Series 1 and 2 of the annexed graphic documentation (see Appendix A). Work is done only 
with those structures of the intermediate urban mosaic which include industrial estates and/or other 
areas of economic activity, and on their contacts and transitions towards the more consolidated urban 
nuclei. This is a restriction which has been stated and explained in the introduction to this chapter. 
Additionally, the detailed study of the intervention strategies is carried out only for the area between 
Mollet and Granollers, which has been identified in Chapter 7 as a grid-layout urban continuum. This 
                                                                
24 The Montmeló Circuit, officially the Circuit de Barcelona-Catalunya, is a motor-racing circuit located in the municipality of 
Montmeló which was inaugurated in the year 1991. 
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area basically includes the PDU Sector of the area of the Baix Vallès around Mollet and part of the PDU 
Sector of the Baix Congost around Granollers. 
The proposed diagnosis elements are grouped into three categories: (1) axes, (2) areas and (3) nodes. 
Figure 8.2 is an extract of the graphic documentation of series 2 which includes these diagnosis elements 
(see Appendix A).  
This classification corresponds to the different scales of influence of the urban structures, and at the 
same time with the type of topological indicator used for their identification in each case. 
In the first place, the references taken are the centrality measures of closeness and betweenness for the 
radiuses of influence of 500 m and 2,000 m, respectively. The reason for this choice is explained in 
Chapter 5, in which special emphasis is placed on the complementary nature of these two measures. It 
must be recalled, on one hand, that the closeness measurement makes it possible to detect the arcs of 
the the road network graph which are closest to the other arcs, for trips of 500 m. In addition, it must 
be borne in mind that the betweenness measurement gives higher values to those arcs of the roadway 
graph in which a greater number of trips between one arc and any other are registered for search 
radiuses of 2,000 m. The intention is to foster the notions of enclave and vertebrating spine, respectively. 
The choice of the radiuses of influence is the result of the intention to detect structures of proximity, in 
which the reason for concentration lies in the radiuses of walking, while for the notion of spine it lies in 
the distance radiuses associated with cycling and motorised modes. The symbologies proposed in this 
case are axes of the road network which show high values of each centrality measurement. In this case, 
the descriptions used are structuring segments and structuring connectors to refer to the enclaves and 
spines, respectively.  
In the second place, the upstream visualisation method is considered, applying, similarly to the previous 
case, the trip generation and diversity indicators. The objective is to identify areas of proximity in which 
the intensity of trips and the diversity of the land uses close to the arcs of all the road network, from 
main roads to tracks, display significant levels. This method detects structures of activity of proximity, 
with critical mass for considering their greater integration into the urban mosaic. The symbologies 
proposed in this case adapt to the dimensions of the detected areas of proximity, using the descriptions 
“trip generation areas” and “diversity areas.” 
In the third place, the reference taken is the downstream visualisation method, applying the trip 
generation and diversity indicators. The intention is to identify substantial concentrations of trips 
generated upstream on the principal road network, along with high values of diversity associated with 
the land covers. The notion of “node” corresponds to a privileged point located on the road network 
which acts as a gateway to a territorial hinterland with a large quantity of activity or a considerable 
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diversity of uses. It is considered that these territorial nodes have a strategic position value as 
concentrators, given their twofold condition of lying on the non-segregated road network and at the 
same time serving as accesses to catchment areas of activity. It should be recalled here that these places 
do not necessarily have to coincide with enclaves in which there is activity. Accordingly, two symbologies 
are proposed to describe these phenomena: “trip generation nodes” and “diversity nodes.” 
Below we describe the proposed diagnosis for the various PDU areas. Series 1 of the graphic 
documentation includes the said diagnoses, separately. Series 2 is dedicated to the synthesis of all the 
proposed diagnosis elements. The base used incorporates the same elements as Series 1, adding the 
representation of the distance from the road network arcs to the railway stations existing with the ranges 
0-300 m, 300m-500 m, 500-1,000 m, 1,000-2,000 m and 2,000-5,000 m. The same text incorporates the 
strategies associated with the information produced by the diagnosis. The reason for not describing in 
generic manner the intervention strategies which have been developed is that their number and nature 
have not been preconceived. That is to say, in view of the results of the diagnosis, based on the contents 
and conclusions of Chapters 5, 6 and 7, we have proposed the transformations considered appropriate. 
The Discussion subsection included in this chapter will articulate a reworking of the relationship between 
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Figure 8.2. Extract of Series 2 of the appendix of graphic documentation: diagnosis of the Mollet-Granollers axis (See Appendix A). 
8.2.1. PDU Sector of the Baix Vallès area around Mollet 
We observe that the Mollet area is located at the confluence of the Tenes and Mogent rivers where they 
form the River Besòs, in a territory of urban continua. The nuclei of Mollet del Vallès, Parets del Vallès 
and Montmeló provide the consolidated urban pattern which contains the specialised territories of 
industry, spreading in linear form along the banks of the hydrographic structure, which at the same time 
becomes an essential corridor of road and rail mobility infrastructures. The diagnosis elements described 
above contribute to deciphering the intensity and hierarchies of the spread of activities occurring here: 
- The Mollet-Martorelles structure is visualised as an important node of trip generation and 
diversity, the umbilical cord which is a considerable topological axis of connection. Additionally, 
this same urban pattern, despite establishing its specialised activity on both banks of the Besòs, 
is revealed as a single proximity sector of trip generation of the first order. 
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- The interstice between Mollet del Vallès and Parets del Vallès, and its continuity to the north 
along the C-17, is revealed as a proximity structure, with topological connection axes oriented 
south-north which organise successive sectors of concentration of activity, with proximity axes 
indicating the cores of these enclaves. 
- The branch of the Mogent, with Montmeló and the industrial estates of its eastern side around 
the AP-7 motorway is characterised by including the southern part of the centrality of the 
Montmeló Circuit. This is a concentration of trip generation and diversity nodes, which at the 
same time spreads out as a sector of concentration of activity, with a structuring axis of 
connection oriented south-north towards Granollers. 
With regard to the definition of intervention strategies based on the topological diagnosis, various 
interventions are proposed. 
The Mollet-Martorelles duality is articulated proposing the incorporation of a greater urban mixicity in 
the specialised fabrics of both side of the River Besòs closest to the viaduct connecting the station of 
Mollet and the left bank. Continuity is given to this fabric-structuring road element by way of the 
industrial estate of Martorelles to the station of Montmeló. The trip generation and diversity node is 
recognised, focussing on the industrial estate of Martorelles with a strategy of industrial cluster 
centrality. 
The industrial estates corresponding to the interstices between Mollet del Vallès and Parets del Vallès 
are indicated with the strategy of high urban mixicity due to their proximity to the urban nuclei, and also 
in order to measure their road grid. In addition, consideration is given to a strategy of centrality of the 
services of the urban system and industry. This specialised area, which fills the right bank of the River 
Tenes between the nuclei of Mollet and Parets, becomes the southern end of the new C‐17 metropolitan 
route which incorporates the linking tram-train. 
8.2.2. PDU Sector of the Baix Congost around Granollers 
From the topological analysis, it is observed that the PDU sector of the Baix Congost around Granollers 
is characterised by the urban system Granollers-Canovelles-Les Franqueses del Vallès, with industrial 
extensions to the north and south along the River Congost, and other specialised areas to the east, in 
contact or not with the city. The diagnosis elements which have been detected and illustrated in relation 
with this area are: 
- The specialised fabrics, with gradation from tertiary to industrial, along the right bank of the 
Congost, which connect to the south with Granollers, forming a sector of concentration of trip 
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generation in which a topological connection axis oriented south-north is clearly distinguished. 
In this linear structure, two other realities are distinguished which correspond to the industrial 
estates situated in contact with the city, on the left bank of the Congost, and with the area 
concentrated around the N-152a to the west, which serves as a gateway to the specialised 
urban continuum lying around the C-17 in the direction of Parets del Vallès. 
- The industrial estates situated at the connection with the C-251 road, mainly confined by the 
C-352 bypass, with a certain extension on the C-251, are revealed as a concentration node of 
trip generation and diversity. In addition, it must be said that they make up a sector of 
concentration of diversity with another grouping of industrial estates lying around the C-1415c. 
Therefore, the structuring axes of connection with the centre and the Ronda of Granollers, now more 
urban, will be the central elements of intervention.  
The specialised fabrics, with gradation from tertiary to industrial, along the right bank of the Congost, 
which connect to the south with Granollers, along with the industrial estates situated in contact with the 
city on the left bank of the Congost, are the object of proposals. The parts closest to Granollers are 
indicated with a strategy of high urban mixicity in order to contribute to endowing them with a greater 
degree of urbanity and integration. Fabric-structuring roads are defined which can be the object of 
reconfiguration of their spaces dedicated to walking and cycling. Consideration is also given to a strategy 
of centrality in the service of the urban system and industry. 
The industrial estates located to the north of Granollers are characterised with the strategy of 
incorporation of medium mixicity, in view of their lesser compatibility with the mixed urban 
environment. The roadway elements which can become the structuring roads of the fabric are also 
indicated. 
The industrial estates situated at the connection with the C-251 road, mainly confined by the C-352 
bypass, incorporate a strategy of mixed urban mixicity. 
8.2.3. PDU Sector of the area of the C-17 between Parets and La Garriga 
In the PDU Sector of the area of the C-17 between Parets and La Garriga, in continuity with the Granollers 
sector, what is detected is mainly the presence of the industrial estates situated to the south of La 
Garriga around the Congost, displaying a certain nodality of concentration of trips and diversity, in a 
sector of concentration of trip generation in which a topological structuring axis of connection is 
illuminated. 
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In the case of the industrial estates situated to the south of La Garriga, around the Congost, it is  proposed 
to improve their integration by working on the calming of their structuring axes. 
8.2.4. PDU Sector of urban structuring of the valley of the Tenes 
The PDU Sector of urban structuring of the valley of the River Tenes is characterised by the BV‐1435 axis 
between Parets del Vallès and Bigues, vertebrating an archipelago of low-density urban realities, and the 
C-155, to the north of Parets del Vallès, with intermittent episodes of industrial fabrics. Although the 
proposed diagnosis centres its attention on the specialised urban fabrics and their contacts with the 
more consolidated mixed urban environment, attention should be paid to the importance of the 
visualisation in Fig. 6.8 of Chapter 6. The upstream visualisation applying the diversity indicator clearly 
reveals the continuity of the supramunicipal structure of diversity Parets-Lliçà de Vall-Lliçà d’Amunt-La 
Sagrera-Bigues. 
Returning to the diagnosis which concerns us here, reference must be made to three principal elements: 
- The intermittent industrial areas situated to the north of Parets del Vallès are characterised as 
concentration nodes of trips and diversity, creating independent sectors of trip generation. 
- The complex of Lliçà d’Amunt with its adjoining industrial estates lying to the south on the BV-
1435 fall into the category of concentration node of trip generation and diversity, in a sector of 
global diversity. 
At the level of intervention strategies, the following can be proposed: 
- The intermittent industrial areas located to the north of Parets del Vallès can incorporate a 
greater mixicity of uses in the plots fronting the C-155, along with one-off calming actions of 
the affected sections of this road. 
- The complex of Lliçà d’Amunt with its adjoining industrial estates lying to the south on the BV-
1435 can improve its integration by calming its structuring axis. 
8.2.5. PDU Sector of the Cardedeu - Sant Celoni axis 
This sector lies in a linear form along the pre-littoral corridor, between the municipalities of Cardedeu 
and Sant Celoni. The roadway infrastructures of reference are the C-35 and the AP-7. The diagnosis 
elements to be highlighted in this case are: 
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- The industrial estates situated to the south of Cardedeu form a sector of concentration of 
diversity, in view of their continuity with the more residential fabrics of the municipality. 
- The industrial estates situated to the west and east of Llinars del Vallès, along with the urban 
fabrics of the nearest municipality to the C-35 and the AP-7, form a sector of diversity of 
proximity. 
- The industrial estates of Sant Celoni, located generally in a more compact manner on the south 
side of the C-35, form a sector of concentration of proximity, with good conditions for improving 
their integration with the urban environment. Additionally, mention must be made of the 
importance of the C-35 axis, which is revealed as a structuring axis of connection in this area. 
The industrial estates situated to the south of Cardedeu display good conditions for the incorporation of 
greater mixicity of uses in the plots fronting the structuring roadways which, at the same time, can 
improve their conditions to favour walking and cycling. These considerations are applicable in general to 
the industrial estates situated to the west and east of Llinars del Vallès and the industrial estates of Sant 
Celoni. 
8.2.6. Intervention strategies in the PDU of the Circuit of Montmeló 
The diagnosis of this territorial area has already been carried out on the basis of the analysis of the other 
areas considered. Various intervention strategies are proposed, corresponding to different scales of use 
of the territory, which must be physically linked together to ensure their compatibility.  
On one hand we find the strategy associated with the C-17/tram-train, which consists in reorganising the 
spatial configuration of the road to convert it into a calmed metropolitan route. In complementary 
fashion, strategies are proposed to incorporate a greater mixicity of uses in the plots fronting the C-17 
and located in the coverage areas of the new stations of the tram-train. These are actions of a more local 
nature. 
On the other hand, it is considered necessary to protect the inherent cluster strategy associated with 
the circuit and its area of influence. It is proposed to correct the planned layout for the C-17 bypass, 
passing below the level of the circuit zone, facilitating a greater integration of the new areas of activity 
which are planned. 
Both sets of strategies are subject to a transversal east-west linkage which has to permit endowing this 
area with structure. 
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8.3. Discussion 
The present chapter has used the partial conclusions set out in Chapters 5, 6 and 7 to establish the 
appropriate diagnosis elements. The nodes, axes and sectors have been identified on the basis of the 
visualisations obtained with the downstream visualisation, closeness-betweenness and upstream 
visualisation methods. Additionally, the base hypotheses expressed in section 8.1 have been taken into 
consideration. 
The proposed supramunicipal planning strategies have been conceived on the basis of the proposed 
diagnosis. The detailed study of the different areas involved has made it possible to define the typologies 
of intervention strategies included in Series 4 of the annexed graphic documentation (see Appendix A). 
These strategies are defined combining the diagnosis elements, constituting the Conclusions of this 
chapter. This approach makes it possible to indicate the three groups of complementary strategies which 
are included in the legends of the graphic documentation annex: (1) structuring proximity axes, (2) 
transformation and/or completion, and (3) centralities: 
(1) The structuring proximity axes include metropolitan-structuring axes and fabric-structuring axes. The 
diagnosis elements have often revealed sectors of concentration of trip generation, isolated or forming 
part of an intermittent complex on a particular axis. These sectors incorporate structuring axes of 
proximity which indicate their subcentres – enclaves – on the basis of the closeness indicator. In addition, 
the structuring connectors are demonstrated by means of the betweenness centrality measurement. All 
of this makes it possible to establish proximity roadways which become structuring axes of the sectors 
of concentration of activity, which form areas of intermittent intensity. In general, we call these routes 
fabric-structuring axes. At the moment when their vertebrating and polarising role of activity within the 
urban systems becomes very significant, we will call them metropolitan-structuring axes. The 
identification of the proximity axes has the purpose of indicating their structuring potential, along with 
the possibility of being transformed to contribute to an intensification of the urbanity of the area they 
vertebrate. 
(2) The strategies of transformation and/or completion have an impact on the composition of uses, on 
the size of the plots which support them and on the spatial configuration of the road grids of the fabrics. 
The terms “transformation and/or completion” refer to the recycling of existing urban lands and to non-
consolidated areas, respectively. It must be recalled that we have centred our attention on urban 
renovation and the strengthening of the economic activities based on the articulation of the roadway 
axes which structure the urban and economic activity, paying special attention to the railway nodes 
which affect this territory. It is for this reason that special consideration is given to the introduction of 
other uses complementary to industry. The identification of these areas of transformation and/or 
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completion responds to three groups of criteria. In the first place, we must consider the aptitude of the 
industrial estates themselves for integration with their urban environment. This consideration is not 
carried out by means of the morphotopological calculations proposed by this dissertation. The 
information must be drawn from specific studies of the industrial estates. In our case, reference has 
been made to the work of Magrinyà et al. (2015) which provides a detailed characterisation of our scope 
of study. The second matter to be considered is accessibility with collective transport. Again, the context 
must be established previously, as has been done in section 8.1 of this chapter. In the third place, the 
reference taken is the set of results obtained with the proposed diagnosis by means of the methods 
described in this dissertation. Consequently, we will centre our attention on the aspects most closely 
related with this third vector. Similarly to the case of the proximity axes, the transformation and/or 
completion strategies are formulated on the basis of the combination of the proposed diagnosis 
elements. The areas of concentration of trip generation with their structuring axes of connection trace 
the mosaic of intensities to be linked in each case. Three types of transformation and/or completion 
strategies are formulated: strengthening of the specialised character, medium urban mixicity and high 
urban mixicity. In those specialised city areas which present a building type of large pieces and large 
street blocks, along with uses with little aptitude for integration, what is considered is the strengthening 
of that specialised character. In contrast, in those industrial estates which present a greater aptitude for 
integration with the urban environment, the mixicity strategy is foreseen. Thus, in those cases with street 
blocks confronting routes already identified as proximity, metropolitan or fabric-structuring routes, 
and/or with a good railway coverage, the high urban mixicity strategy is proposed, with the intention of 
recycling or inserting into the consolidated industrial estates other complementary uses, and to 
complete the non-consolidated areas with these same precepts. The intention is to intensify in this way 
the urbanity of these structures, at the same time breaking with their condition of strictly specialised 
fabrics. Additionally, a medium urban mixicity strategy is considered for those cases in which this type 
of transformations can take place with lesser intensity. Consideration is given to the introduction of 
certain strategic pieces which can confer critical mass of centrality in the industrial mosaic. In any case, 
the establishment of the type of specific uses to be inserted, along with the planning parameters which 
have to regulate their retrofitting, are not the object of the proposed spatial analysis.  
(3) The proposition of centrality strategies is conditioned by three relevant factors. The first factor is 
good railway accessibility. The second factor will be the results obtained from the application of the 
downstream and upstream visualisation methods, that is, the nodes and areas of concentration which 
have been identified with the proposal of diagnosis. Special value is given to the coincidence of nodes of 
trip generation concentration with areas of trip generation concentration occupied by industrial estates. 
These points of the territory which have a central character by reason of their position with regard to 
activity and which at the same time support concentrations of economic activity are candidates for 
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centralities. To define their role and assign to it an appropriate strategy, the third reading must be made. 
Thus, the third factor to be considered consists of the characteristics of the industrial estates in question. 
Two centrality strategies are thus defined: industrial cluster centrality and mixed centrality. The first case 
involves those industrial estates with a predominance of companies of high added value for a particular 
sector. The second case refers to those complexes of industrial estates which present good conditions 
for urban integration as described in section 8.3.3. In both cases, consideration is given to areas which 
can be at the service of territorial areas of a higher scale. In the case of industrial-cluster centralities, 
consideration is given to the spread of intensive economic activity. In the case of mixed centralities, a 
more diversified role is considered. These are areas of urban renovation, seeking a more complex and 
balanced environment in which industrial spaces can coexist with the tertiary sector and even, in certain 
cases, with housing. Both areas identified with the centrality strategy are ideal for the location of facilities 
with a supralocal area of influence. Figure 8.3 is an extract from Series 4 of the appendix of graphic 
documentation which includes the intervention strategies described here (see Appendix A). 
 
Figure 8.3. Extract of Series 4 of the appendix of graphic documentation: intervention strategies of the Mollet-Granollers axis (see 
Appendix A). 
Taming the Road | Josep Mercadé Aloy | 192 
 
We can conclude that conducting the diagnosis using the methods proposed in this dissertation makes 
it possible to establish specific strategies for retrofitting the intermediate urban mosaic. The combination 
of the diagnostic interpretations of the concentration nodes, the structuring proximity axes and the areas 
of concentration of activity traces a territory of graduated intensities, insinuating the archipelago of 
areas of activity and their relational structure of linkage in a quantified manner. This demonstrates the 
potential of the various elements which come into play. The retrofitting of the intermediate urban 
mosaic is presented as an activation of its endogenic potential.  
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9. Discussion 
The urbanisation processes we have witnessed in the last few decades merely serve to corroborate an 
inexorable global tendency of cities to embrace ever broader territories, forming networked spatial 
configurations. In these force fields, in which the city cannot be distinguished from its agrarian 
hinterland, there evolves the heterogeneous mosaic which has been the object of study of this 
dissertation. We have referred to the quantity of approaches to the description of an intermediate urban 
mosaic which combines settlements and open spaces in its composition, at the same time hosting 
supralocal functions in a decentralised manner. The need, or otherwise, to endow this urban field with 
structure and urbanity, increasing its sustainability as far as possible, is a central concern for the 
disciplines which participate in spatial planning. Professionals and academics have dedicated efforts to 
a reading of the form and mechanisms of sedimentary production which underlie the formation of these 
built environments to establish strategies addressed to their retrofitting.  
Our approach wishes to add itself to this tradition, offering a complementary method of propositive 
reading. The spatial analysis instruments which have been proposed explore the nature of the 
intermediate urban mosaic from the point of view of the topology of the road network as the support 
for activity in the territory. The combination of centrality measures with the upstream visualisation 
method contributes to expounding the intensities of the groupings of settlements and their relative 
weight in the territory. The downstream visualisation method defines the regional vertebrating skeleton 
on which the gateways of access to the urban field are manifested. The two characterisations 
complement each other to offer a new reading in which the supporting road network becomes the 
vehicle of expression of the activity. Thus, the neighbourhood relationships and the road catchment area 
of reference reveal the relational structure of the mosaics of proximity. 
Beyond the descriptive terrain, we have observed that the analysis of the results obtained reveals, at the 
same time, aptitudes and vocations of the territory for supporting syntactic alterations which can 
generate new and more structured urban realities. These are the territorial hinges of supralocal scope, 
which can perform the role of concentrators of collective facilities, along with other public and private 
services; the structuring proximity axes, which place the infrastructure at the service of the human scale 
and the heterogeneous mosaics of reequilibrium, which can reverse their dynamics seeking new labour 
market-residence equilibriums with an impact on the urban system as a whole. In this way, the 
retrofitting of the intermediate urban mosaic can be understood as an exercise of intentional activation 
of its own initially concealed potentials. 
 
Taming the Road | Josep Mercadé Aloy | 194 
 
 
Figure 9.1. Synthesis of tools for revealing the relational structure of the intermediate urban mosaic. 
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9.1. Overview of findings 
The results and partial conclusions which have been presented in the chapters of the core of this 
dissertation are based on the analysis of the visualisation of transformations of data obtained by means 
of the methods described in Chapter 4. In order to carry out a synthesis of the findings deriving from it 
and to demonstrate the multiplying effect of its simultaneous discussion, it is considered necessary to 
describe its ingredients jointly.  
All the graphic outcomes which have been produced can be combined on the basis of three basic 
elements: the road network which is used to show the calculated quantities, the method used and the 
nature of the values which control the symbology of the illuminated graph segments. In the first place, 
the road network which serves as support for the visualisation can be the totality of the non-segregated 
roadway graph, from major roads to tracks, or only the principal road network, which corresponds to 
the roads catalogued as stated in Chapter 4.  
This first division creates two large packets of results to be interrelated. In the second place, the method 
used to assign the quantity to the road network segments must be considered. The methods in question 
are centrality measures and the upstream and downstream visualisation methods. Finally, the nature of 
the values which are converted into the symbology of the maps must be defined. These values can be of 
a strictly topological-spatial character, and can incorporate weights deriving from the data of the land 
covers or take on unique values by means of the application of the trip generation and diversity 
indicators already described. Figure 9.1 summarises these cases, permitting a global reading of all the 
tools used in the course of this dissertation.  
9.1.1. The road network-activity binomials as urban nodosities 
Accordingly, we began by referring firstly to the large group of results in which the whole of the road 
network intervenes in expressing them. The systematic application of the centrality measures of reach, 
betweenness, closeness and straightness for the various search radiuses considered has made it possible 
to establish correlations with the physical spread of the activity in the territory, along with a first reading 
of its enclaves and support structures of the proximity relationships. The maximum correlation between 
the centrality measures and the real activity of the territory is obtained with the search radius 1,000 m. 
In addition, we observe the complementary nature of the closeness measures for the 300 m and 500 m 
radiuses with the betweenness measures for the 1,000 m and 2,000 m radiuses. In the first case, a 
constellation of enclaves is revealed which includes groupings of the intermediate urban mosaic which 
do not necessarily coincide with consolidated urban nuclei. In the second case there emerges the 
supporting roadway structure of proximity relationships in the heterogeneous mosaics which include 
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settlements and open spaces. The search radiuses account for the scale of territorial use considered, 
and can be related with the modes of transport. In this way, the enclaves highlighted with the closeness 
measurements 300 m and 500 m are groupings of walking and cycling activity, and the relational skeleton 
of proximity characterised on the basis of the betweenness indicators 1,000 m and 2,000 m, which 
supports the enclaves, corresponds to the scale of cycling and the short-distance mechanised modes. 
However, this approach is insufficient for a satisfactory description of the intermediate urban mosaic at 
the moment when it is not truly capable of expressing the real concentration of the activity, beyond 
establishing correlations which legitimise its use. The finding of the value 1,000 m as a metric of the road 
network–activity correlation partially inspires the production of the upstream visualisation spatial 
analysis method. Now it is a question of expressing on each segment of the road network what is its 
accessible territory at 1,000 m of radius distance measured on the network itself. The storage of the 
surface area of each type of accessible land cover associated with each arc permits the immediate 
application of the trip generation and diversity indicators. The upstream visualisation method illustrates 
everything we have nearby, prioritising those places which have high concentrations of activity in their 
proximities, even if their spatial configuration is scattered. With the trip generation indicator we can 
clearly situate the territories which support activity in a discontinuous manner. The webs which spread 
beyond the consolidated urban nuclei attain presence and their continuity is displayed. The diversity 
indicator reveals the heterogeneous mosaics which combine containers of activity with agricultural and 
residual open spaces. The selections of road network segments according to the quantity of a particular 
activity which is accessible from a road network segment contribute notably to establishing the critical 
masses of concentration.  
With the trip generation and diversity indicators we know where the areas of discontinuous urban 
mosaic are, what intensity of activity they have and what level of heterogeneity they display in their 
composition. With the selections based on the accessible quantities we can graduate the scales of critical 
mass of the different areas of the heterogeneous mosaic. With the centrality measures we see what 
subcentres present these areas and what spines vertebrate them due to their position with respect to 
the whole. In this way we achieve the established objective of identifying and understanding the road 
network–activity binomials within the intermediate urban mosaic. 
9.1.2. The regional skeleton of access to the road network–activity binomials 
The road network–activity binomials which we have described in the previous section are not isolated 
realities. There exists a structure of a higher order which articulates them, giving them access and 
relative weight in the proximity territories. This is the non-segregated road network, which at the same 
time polarises the location of activity on its axes and supports the gateways of access to the groupings 
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of settlements located inland, in its proximity hinterland. The downstream visualisation method makes 
it possible to load onto the principal road network all the activity depending on it and to visualise its 
intensity and composition by means of the trip generation and diversity indicators, respectively. 
Additionally, we have depth lines which join with a straight line the mid-point of each segment accessible 
from the road with its closest section, revealing the depth at which the activity is situated. With these 
three factors we have established a taxonomy of gateways of the intermediate urban mosaic which, in 
turn, form a certain combination which we have called chains. These chains of gateways have made it 
possible to classify the roadway axes according to the activity they support: (1) axes of transition towards 
the natural open spaces, (2) sections of low activity and heterogeneous mosaic with cropland, (3) low-
density axes, (4) activity polarisation axes and (5) grid-layout urban continuum. Although the 
classification is not an objective in itself, it must be understood as an approach of the objective of the 
structuring role performed by roads in the intermediate urban mosaic. 
In addition, if we observe jointly the road network-activity binomials and the regional access skeleton, 
we can understand them as urban nodosities and territorial road network, respectively. We speak of 
nodosities instead of nodes or points because the road network-activity binomials form more or less 
extensive groupings. It should be recalled that these are groupings of points which, in turn, correspond 
to the segments between intersections of the road network in which we have registered the activity 
present at a radius of one kilometre measured in any direction. With this scheme we can formulate a 
system which encompasses the actors and their relationships, in the words of Dupuy (1991), within the 
framework of the urbanism of networks. The nodosities guarantee critical mass of accumulation of actors 
and the road network serves the relationships of proximity between the fragments of territories which 
are diffuse or undergo partial processes of diffusion. We should recall that Indovina’s concept of diffuse 
city (1990) is based on the use made of the territory as if it were a city, beyond the observation of a 
physically scattered reality. The use, the functioning of the territorial construct, can be understood as 
the materialisation of the relationships which are expressed by means of the road network. We have 
seen that Cerdà (1861, 1867) used the concepts of “viality” and “functionomy” to refer precisely to the 
way life is manifested within the urbs (Magrinyà, 2011): a concept of life which we can associate with 
movement, and therefore with the concept of “movement economy” used by Hillier (1999) within the 
framework of the SpaceSyntax theories. In this case, it is a matter of expressing that the movement flows 
are conditioned by the spatial configuration of the network itself.  
Figure 9.2 shows the urban nodosities and the regional skeleton, respectively, expressing the relational 
structure of the intermediate urban mosaic. The joint reading of this system of fragments and 
relationships makes it possible to establish mechanisms of linking and retrofitting, as we will see below. 
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(a)       (b) 
Figure 9.2. The relational structure of the intermediate urban mosaic: (a) the road network-activity binomials as urban nodosities, 
(b) the regional skeleton of access to the road network-activity binomials (Source: Own elaboration based on the upstream 
visualisation method with the trip generation indicator and the downstream visualisation method, respectively).  
9.1.3. From the characterisation of the intermediate urban mosaic to its retrofitting 
The twofold reading of the road network–activity binomials in the principal road network as a whole 
provides an analytic arsenal which enables us to identify the elements which characterise the 
intermediate urban mosaic and define the potential of the ingredients to be used in its retrofitting. 
In the first place, we observe that the two main sets of characterisation methods we have developed 
centre their attention on two basic aspects of the spatial configuration of the urban field. On one hand, 
we focus on what is accessible in a proximity environment situated in a particular search radius of each 
minimum unit of location, in our case the arcs of the road network. This approach to what we find 
upstream of a point enables us to reveal the heterogeneous mosaic of settlements and open spaces. In 
addition, we have sought to determine in what manner settlements and activity progressively 
accumulate downstream, finally coming to depend on the true penetration axes of the territory, which 
are the roads. The immediate environment and the roadway catchment area of reference are postulated 
as the two major vectors of the topology of the intermediate urban mosaic.  
In the second place, the joint application of the two major sets of methods proposed in this dissertation 
insinuates the endogenic potential of the urban mosaic, inviting the actors who participate in the spatial 
planning to propose the appropriate transformations. The greater objectivity of a characterisation of 
reality based on quantitative spatial analysis methods makes it possible, in principle, to undertake the 
diagnosis of the urban mosaic with more guarantees. As has already been said at the end of Chapter 2, 
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referring to certain contributions by Schmitt (2015), the approach to data-driven decision-making must 
not exclude the importance of intuition acquired over the years and through the facts observed. We said 
that the possibility of conducting a prior information-based diagnosis could facilitate the subsequent 
craftsmanlike action, understanding craftsmanship in the sense expressed by Sennett (2013). These 
precepts underpin Chapter 8, which deals with the challenge of conducting a diagnosis which will lead 
to the proposal of specific intervention strategies on the basis of the proposed spatial analysis methods 
and the case study of the Vallès Oriental district. In our case, we have identified three main strategies: 
(1) the strengthening of structuring proximity axes, which consists in conditioning them as fabric-
structuring elements; (2) the transformation and/or completion strategies which are generally 
addressed to intensifying the mixticity of the concurrent uses; and (3) the centrality strategies which 
emphasise the supralocal role which certain sectors can perform in the urban mosaic as a whole.  
The conclusion which we believe has to be drawn at this point is that the specific transformation 
mechanisms described in Chapter 8 do not necessarily have to be literally transferrable to other areas of 
the built environment. That is to say, what is really transferrable is the joint application of the methods 
developed in this dissertation, which we believe can contribute to establishing, in each case, the 
appropriate context-based mechanisms. However, certain vocations insinuate themselves with the 
result of the visualisations which have a more general character and illustrate the potential role of the 
elements beyond their mere description. These vocations and aptitudes have already been indicated in 
the course of this dissertation. The combination of the contributions included in Chapters 5, 6, 7 and 8 
suggests grouping them as follows (see Figure 9.3). 
Territorial hinges of supralocal scope: The territorial penetration axes which support the activity 
catchment areas clearly express their drainage accumulation places – gateways –  by means of the 
downstream visualisation method. The strategic location of these places suggests taking advantage of 
their potential role of territorial hinge. What is considered here is the possibility of them acting as 
concentrators of collective, basic facilities for the residents of the concurrent catchment areas, along 
with other public and private services which can construct urban reference points of quality. In those 
cases in which these gateways are located in places where there is a certain quantity of activity at little 
depth of the axis of the road, detectable with the upstream visualisation method, what is considered is 
the centrality role which can be performed by a much wider range of functions depending on its “fit” in 
the urban system as a whole.  
Structuring proximity axes: the downstream and upstream visualisation methods graduate the road 
sections according to their relationship with activity. We can distinguish at least two situations in which 
the structuring vocation is demonstrated. In the first place, we observe the roads which regularly support 
gateways of concentration of activity and at the same time thread together fragments of settlement 
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groupings with greater or lesser intensity. In the second place, we refer to these same urban continua 
of spongified heterogeneous mosaic situated outside the road axes, inland. In these areas, the upstream 
method reveals sub-groupings of greater critical mass of concentration of activity, between which the 
road network organises its spatial configuration. In these places the betweenness centrality 
measurement clearly proposes the fabric-structuring axes. In both cases, the strategies for the possible 
strengthening and conditioning of these axes depend on the context in each case and are very difficult 
to generalise. 
Heterogeneous mosaics of reequilibrium: As we have said, the upstream visualisation method reveals in 
graduated manner the heterogeneous mosaics which incorporate settlements and open spaces into 
their composition. However, these spongy extensions of voids and fills are not the same everywhere. 
The trip generation indicator and the selections of critical mass carried out clearly indicate in what places 
these areas of lands have important and exceptional dimensions and intensities. These territories, of a 
very variable nature, from the low-density residential areas to the specialised city, offer multiple 
opportunities for territorial rebalance of a scope greater than their own boundaries. In spite of their high 
level of anthropisation, they are very flexible territories which can redirect their internal dynamics to 
endow themselves with structure and effective urban referents, seeking new labour market-residence 
equilibriums which can have positive effects on the urban system as a whole. 
With regard to what has to be the nature of the strategies and actions to be undertaken in each case, 
we consider it necessary to make a number of final observations deriving from the experiences described 
in Chapter 8. In general we find very scattered territories in which the successive crystallisation of 
episodes of urbanisation coexists with the geomorphological elements proper to the previous 
agricultural mosaic. These are therefore mosaics in unstable equilibrium, lacking a clear structure but 
having their own inertia. The imposition of fixed elements in the guise of a masterplan loses all sense in 
favour of the design of open development frameworks which will safeguard the existing sedimentary 
and self-organising logic, with no need to halt the concurrent inertial forces. Sennett (2014) speaks of 
closed systems, in harmonic equilibrium, and of open systems, in unstable evolution, borrowing these 
terms from systems theory. “Closed” refers to an excess of definition, to the impossibility of adapting to 
the new environment. “Open” refers to the establishment of a framework which makes possible a 
gradual evolution which allows the citizens to experience form and change. Koolhaas (1995) also referred 
to this question within the framework of his arguments over the death of urbanism: “If there is to be a 
‘new urbanism’ [...] it will no longer aim for stable configurations but for the creation of enabling fields 
that accommodate processes that refuse to be crystallised into definitive form” (Koolhaas, 1995, p. 8). 
Years earlier, Jacobs (1961) taught us to pay attention to the items of evidence which related the spatial 
configuration with the complexity and  liveability of the urban environment, highlighting the limitations 
of imposed designs. 
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(c)       (d) 
Figure 9.3. The retrofitting strategies of the intermediate urban mosaic: (a) territorial hinges of supralocal scope and Structuring 
proximity axes at the regional scale, (b) Structuring proximity axes at the fabric scale, (c) heterogeneous mosaics of reequilibrium, 
(d) Topography (Source: Own creation based on the upstream visualisation method and the trip generation indicator, the upstream 
visualisation method and the condition of presence of more than 1,000 homes in a search radius of 1,000 m, the downstream 
visualisation method and the betweenness centrality measurement for a search radius of 2,000 m, respectively). 
9.2. Major contributions 
This dissertation has been dedicated to the characterisation of intermediate territories, often castigated 
by the excessive fragmentation and specialisation of the fabrics, with the purpose of endowing them 
with structure and intensifying their urbanity where appropriate, giving meaning to their relationships 
of proximity and constructing satisfactory new supralocal realities. 
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The review of the scientific production and the specialised literature has led us to give value to the 
relational reading of this environment, which we have called the intermediate urban mosaic. In this 
respect, we have placed special emphasis on the concepts of “diffused city” (Indovina, 1990) and “urban 
field” (Friedmann and Miller, 1965), because they are formulated as incremental relational processes 
towards the crystallisation of new urban systems, beyond the mere morphological description. In the 
first case, explicit reference is made to the use made of the territory as if it were a city, beyond its 
scattered nature. In the second case, what is described is the new scale of the open landscape of 
periphery which has to support new habitats. These are complex new spatial configurations in which 
relationships, and very especially mobility, clearly replace the value of location.  
In this way, the morphological elements of the physical city have been subject to the need to establish 
the relational structure which gives meaning and life to these constructs. We have undertaken the 
analysis of the spatial and relational configuration of the physical elements, leaving aside the mobile 
point of view, following the tradition of the instruments deriving from graph theory. The land covers and 
the road network have been the only ingredients used for this task. The minimum unit of analysis has 
been fixed as the road segment and its associated portion of land, confiding in the long tradition which 
has insinuated a coded relationship between the road network and the settlements/activities – from the 
building-road duality implicit in the concepts of vies (thoroughfares) and intervies (the blocks or areas 
between them) of Cerdà (1867) to the definition of the basic elements which control the formation of 
the urban fabrics from a strictly morphologist perspective (see, e.g., Conzen, 1960; De Solà-Morales, 
1993), by way of the use of centrality measurements, which situate the spatial configuration of the road 
network as an inducer of movement (Hillier, 1999) and of settlement spreading (see, e.g., Porta, 2009). 
The principal contributions of this dissertation can be classified into two groups which range from the 
most instrumental and specific to the broadest theoretical context:  
In the first place, we have developed a set of GIS-based spatial analysis methods, which involve the 
review of existing tools and totally “in-house” creation, which have permitted: (1) the identification of 
the urban nodosities, which we have called road network-activity grouping binomials, demonstrating 
their internal structure and graduating their critical mass in the territory as a whole, and (2) the 
establishment of the regional structure of relationship between the binomials identified by means of the 
road network, as the access and catchment gateway of the activity. In the first case, the upstream 
visualisation measurement has been used, illustrating the most immediate proximity relationships, 
prioritising those places which have high concentrations of activity in their surroundings. In the second 
case, the downstream visualisation measurement has been used, which makes it possible to load the 
catchment areas of activity onto the roads which support them. The complete packet of tools proposed 
is added to the wide range of derivates of the centrality measurements, which have their origin in 
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structural sociology. In general, this approach does not consider the opportunity factor, that is to say, it 
leaves aside the behaviour factor to take as its reference solely the physical infrastructure of the road 
network, its spatial configuration. In our case, we have opted to integrate the activity component by 
means of the land covers associated with each arc of the road network, in order to apply indicators which 
consider the topology and the activity jointly. This experience is added to that of other authors such as 
Sevtsuk and Mekonen (2012)  and Karimi et al. (2013), who have proposed the weighting of the centrality 
calculations incorporating other concurrent attributes in the network segment beyond its own 
geometry. 
In the second place, we have demonstrated the relational structure of the intermediate urban mosaic. 
Our contribution has consisted in mapping in a quantified and graduated manner the relational structure 
of the urban mosaics of sedimentary formation. The results obtained help to illustrate the diffuse city, 
or rather the diffuse quasi-cities found in dissimilar processes of sedimentation of decentralised urban 
elements on the fixed capital of the territory: secondary roads, paths, etc. In a more generalised manner, 
we have provided a relational snapshot which has made it possible to give propositive descriptions for 
different situations of the intermediate urban mosaic. We have defined the territorial hinges of 
supralocal scope as potential concentrators of facilities and services; the structuring proximity axes to 
be conditioned and the heterogeneous mosaics of reequilibrium destined to reverse their labour market-
residence dynamics to become more balanced, or even to host functions of a supralocal nature. We have 
situated the retrofitting of the intermediate urban mosaic as an examination of pre-existing vocations 
and inertias to be strengthened selectively in order to give rise to more structured urban mosaics. This 
approach clearly entwines with the tradition of descriptive urbanism of urban scenarios and of the 
production mechanisms of the self-organised city, which are formulated on the basis of the 
morphologistic readings (see, e.g., Font et al., 1999; Boeri et al., 1993; Secchi, 1993), contributing the 
relational component in a deliberate manner. 
In summary, the taming of the road network has been approached as a task with a twofold reading. On 
one hand, the network has been characterised as an inducer of the spread of activity and a vehicle for 
proximity relationships, showing how it behaves in its wild state. On the other hand, its own inertias have 
been used to establish the correcting and selective strengthening strategies of the concurrent urban 
ingredients. In this way, the road network has been entrusted with the twofold mission of revealing the 
interior features of the intermediate urban mosaic and of acting as the keystone for its retrofitting.  
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9.3. Limitations and Further Research 
In spite of the multiple limitations which we will now indicate, the application of the methods described 
in this dissertation could be transferrable not only to similar case studies but also to other scales of 
analysis, and for other purposes which are not those strictly stated in its objectives. 
It must be borne in mind that the methods set out here consider as the sole descriptive element of the 
built environment of proximity the relationship between the spread of activity/settlements and the road 
network as a whole. In order to represent the two realities, the reference taken consists of the land 
covers and the non-segregated road network graph. Additionally, the approach is reduced to the 
formulation of spatial analysis methods deriving from topology and graph analysis. It must be 
understood, then, that the results obtained with the methods explore only the relational nature of the 
built environments of proximity and disregard the fact that they have to confront the many other aspects 
which condition the territory.  
Nevertheless, we wish to suggest the possibility of using the proposed spatial analysis methods in other 
areas and scales of the city. In the course of this dissertation we have worked on an intermediate scale, 
adapted to the objectives and challenges we have set ourselves. The elements which regulate and, we 
believe, validate the application of this methodology are: (1) the definition of the minimum element of 
the support network, along with the distinction between a principal and a secondary network which will 
permit the application of the downstream visualisation method, and (2) the definition of the minimum 
units of activity to be assigned to the network. In our case, we handle the first question by using the 
concept of road network segment as a section between intersections and the selection of a principal 
network which corresponds to the catalogued roads. The second aspect is eluded with the “Voronoi-
based micro-catchment areas” method which formulates the construction of regions similar to Voronoi 
tessellations as a mechanism for assigning the activity to the road network in an approximate manner. 
The application of these methods at a more detailed scale or at a rougher scale entails rethinking the 
way of making these captures. Thus, if we think of the scale of building, the units of activity must be 
reduced to the compartments which compose the functional programmes, and the network must be 
reduced to a modelling of the routes in which the vertical communication could perform the role of 
principal network and the horizontal communication that of secondary network. In the case of the more 
consolidated and compact city, consideration should be given to using at least the plot as the minimum 
unit of assignation. The definition of a principal network in which to represent the gateways could 
correspond to the grids of very large street blocks of delimitation of environmental areas envisaged by 
Buchanan (1963). At the other extreme, focussing attention on the polynuclear territories, work could 
be done with more simplified graph, eliminating the lowest roadway hierarchies. With these suggestions, 
we open the doors to obtaining new results which would clearly enlarge the scope of this dissertation. 
